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(57) Abstract 

A system (50) for monitoring the health and medical requirements of a plurality of patients located at remote sites (100) and providing 
these requirements to a care center (600). At the patient site (100), there is a base unit (150), which can be connected to a number of 
sensors (120) and/or recorders (160) with sensors. The sensors (120) are for monitoring the patient's medical state and the recorders (160) 
are for recording the medical data. The base unit (150) stores the data and transfers the data to a care center (600), where the data is stored 
and analyzed. The care center (600) may likewise communicate with the base unit (150) and may reconfigure the base umt based on the 
data analyzed. The data retrieved from the base units is accessible on a local area network (700) and care providers (710) may monitor 
their patients by accessing the local area network (700). 
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PATIENT MONITOR AND SUPPORT SYSTEM 

Background of the Invention 
Field of the Invention 

The present invention relates generally to medical 
5 electronics and, more specifically, to a system for monitoring 

the medical status of patients at home from a care center. 
Description of the Related Technology 

Modern medical technology is used to monitor a variety of 
medical conditions, medical risks and disease states such as 

10 high blood pressure (hypertension), at-risk pregnancies, AIDS, 

cancer and kidney failure. Patients having such medical 
conditions are often required to make frequent visits to 
physicians' offices or medical institutions. Moreover, 
patients having chronic conditions often are institutionalized 

15 in a hospital, convalescent home or the like. The cost of 
providing medical care to patients using conventional methods 
can be unimaginably expensive. This has been due largely to 
the low ratio of patient to medical care personnel required 
under the existing medical care infrastructure. 

20 Patients who are unable to gain access to hospitals or 

are not inclined to be treated in medical institutions are 
generally unable to effectively and adequately monitor their 
own medical condition or treatment. Field nurses assigned to 
monitor these patients may spend many hours traveling from 

25 each patient site, significantly reducing their productivity. 

Moreover, patients may not be able to gain access to trained 
medical staff who can continuously monitor their treatment or 
medical conditions either due to distance, lack of available 
funds or lack of trained personnel. Furthermore, patients who 

30 attempt ;to monitor their own medical conditions may actually 

complicate their conditions through lack of training or the 
absence of proper medical equipment programmed to assist them 
in monitoring and supporting their conditions and medical 
treatment. For instance, the monitoring of certain medical 

35 conditions, like blood pressure, may be required of a patient 

who has selected home care. 
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In the past, such information would either be recorded 
manually by the patient, or stored in a device. However, such 
information may not be conveyed in a timely manner to a health 
care provider such as a doctor or nurse. Alternative, such 
5 information may not be conveyed to a health care provider at 

all, due to negligence or miscommuni cat ions . Patients who 
have difficulty in using the equipment may require the 
attention of a field nurse. Monitoring patients from home to 
home drastically decreases the productivity of such medical 

10 personnel. 

At present, there are few provisions for a centrally 
stored medical data. There is also no easy access to such 
medical information. The lack of such pooled medical data is 
a significant loss to researchers, and the gathering of such 
15 medical data is both time consuming and expensive. Since it 
may take a significant amount of time to gather information, 
it will take an even longer period of time to develop 
treatment of medical conditions. 

Consequently, a need arises for providing quality medical 
care to a plurality of patients through more cost effective 
means. There also exists a need to increase the productivity 
of medical and paramedical personnel such that more patients 
per medical care infrastructure unit can be treated without 
jeopardy or degradation of the quality of care. There is the 
25 additional need of providing a central source of medical data, 

including patient information, so as to facilitate medical 
research. Finally, there is the need to provide quality 
medical care to patients who, due to the remote sites they are 
located in or, physical disabilities or inconveniences, are 
unable to make the required and/or frequent visits to their 
physicians or health care institutions to monitor their 
medical conditions or disease states. 

summary of fcfce Invention 
The present invention satisfies these needs by providing 
adequate care in the home while maintaining low cost through 
use of a patient monitor and support system. It also provides 
increased productivity of medical and paramedical personnel by 
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providing monitoring of a plurality of patients by a care 
center without jeopardy or degradation of the quality of care. 

The present invention also provides a central source of 
medical data, including patient information, so, as to 
facilitate medical research. Finally, the present invention 
provides quality medical care to patients who, due to the 
remote sites they are located in or, physical disabilities or 
inconveniences, are unable to make the required and/or 
frequent visits to their physicians or health care 
institutions to monitor their medical conditions or disease 
states. 

The present invention is a system for monitoring the 
health and medical requirements of a plurality of patients 
suffering from a variety of medical conditions, risks or 
disease states from a remote location. 

The system comprises a sensor for monitoring the 
patient's medical state, the sensor generating a parameter 
indicative of the patient's medical state; a data base located 
at a remote location from the sensor for storing the patient's 
medical state; a means for communicating the parameter to the 
data base; a means for retrieving the parameter from the data 
base; and a means for providing medical procedure to the 
patient in response to the retrieved parameter. 

Brief Descriptio n of the Drawings 

Figure 1 is a block diagram of remote patient sites, a 
care center and doctor sites communicating via a patient 
monitoring and support system of the present invention; 

Figure 2 is a block diagram of a preferred embodiment of 
the patient monitoring and support system configured to 
monitor at-risk pregnancy; 

Figure 3A is a perspective view of a preferred embodiment 
of the remote base unit (RBU) of the system shown in Figure 2; 
Figure 3B illustrates the rear panel of the remote base 

unit of Figure 3 A; 

Figure 3C is a front view of the liquid crystal display 
and the docking ports of the remote base unit of Figure 3A; 
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Figure 3D is a front, perspective view of a preferred 
erab odiment of a recorder which docKs to the docking port of 
the remote base unit of Figure 3A; 

Figure 3E is a rear, perspective view of a preferred 
5 embodiment of the recorder of Figure 3D; 

Figure 4 is a functional block diagram of one preferred 
remote base unit including its external interfaces; 

Figure 5 is a schematic diagram of an exemplary Docking 
interface Board of the remote base unit of Figure 4 ; 

Figure 6 is a schematic diagram of an exemplary Recorder 
interface Board of the remote base unit of Figure 4; 

Figure 7 is a schematic diagram of an exemplary circuit 
for Liquid Crystal Display of the remote base unit of 

15 ^Figure 8 is a schematic diagram of an exemplary 
Temperature and Scale Board of the remote base unit of 

^Figure 9 is a schematic diagram of an exemplary Memory 
Tnterface Circuit of the remote base unit of Figure 4; 
20 Figure 10 is a schematic diagram of an exemplary 

Communications Section Circuit of the remote base unit of 

^^"igure 11 is a schematic diagram of an exemplary Modem 
Circuit of the remote base unit of Figure 4; 
25 Figure 12 is a schematic diagram of an exemplary 

Microprocessor Buffer Decode Circuit of the remote base unit 

° f ^re'^ is a schematic diagram of an exemplary Power 
Supply Circuit of the remote base unit of Figure 4; 
30 Figure 14 is a schematic diagram of an exemplary Power 

interface and Control Circuit of the remote base unit of 

^Figure ISA is an operational flow diagram of the patient « 
monitoring and support system of the present invention; 

Figure 15B is the continuation of the operational flow , 



35 



diagram of Figure 15A; 
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Figure 16 is a top-level flow diagram of a preferred 
embodiment of the software for the remote base unit shown in 
Figure 4 ; 

Figure 17 is a flow diagram of the data communications 
5 between the presently preferred remote base unit and the care 

center shown in Figure 4; 

Figures 18A, 18B, 18C and 18D are flow diagrams of the 
data communications between the remote base unit and one of 
the recorders shown in Figure 4; 
10 Figure 19 is a state diagram of the Session Procedure 

Flow of the Perform Specified Task Function shown in 
Figure 16; 

Figure 20 is a state diagram of the Activity Help Menu 
Flow of the Perform Specified Task Function shown in 

15 Figure 16; 

Figure 21 is a state diagram of the User Initiated 
Testing Flow of the Perform Specified Task Function shown in 
Figure 16; and 

Figure 22 is a flow diagram of an exemplary demonstration 
20 sequence of the patient monitor and support system of the 

present invention, configured for monitoring at-risk 
pregnancies . 

r etailed Description of the Preferred Embodiments 
The description of the presently preferred patient 

25 monitor and support system is presented in the following 
sections: I. System Overview; II. Structure and Operation of 
the Remote Base Units; III. Functional Modules Used in 
Monitoring of At-Risk Pregnancy; IV. Functional Modules Used 
in Monitoring of Other Disease States; V. System Process 

30 Flow; VI. Process Flow for Monitoring At-Risk Pregnancy; VII. 

Data Flow between the Remote Base Unit and the Care Center; 
VIII. Data Flow between the Remote Base Unit and the 
Recorders; IX. Human Interface Process Flow; and X. 
Exemplary Demonstration Sequence. 

35 I . System Overview 

Figure 1 depicts a site block diagram wherein a patient 
monitor and support system 50 of the present invention is 
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configured. The patient monitor and support system 50 
includes a number of patient sites 100a, 100b, 100c (the total 
number indicated by L) , which are individually connected via 
a set of communications links 500a, 500b, 500c to a care 
5 center 600. 

A subsystem at each of the patient sites 100 has control 
and data acquisition capabilities and may be configured to 
automatically transfer patient communications and data to the 
care center 600 and to receive nursing communications, 

10 instructions and prompts from the care center 600. The care 

center 600 comprises a plurality of support workstations 650a , 
650b and 650c (the total number indicated by M) and a Central 
Database 660. In the present preferred embodiment, the 
workstations 650 is an IBM compatible personal computer using 

15 one of the 80 x 86 family of microprocessors. 

In the present embodiment, the each patient site 100 
communicates with one of the workstations 650 over a 
communications link 500. The communications link 500 may be 
any communications system such as a radio communications link, 

20 a modem/telephone line link, a fiber optic link or any other 

communications link. In the present embodiment, a dial-up or 
leased telephone line switched across the public telephone 
network is used and communications is established via a modem 
at the patient site 100 and the care center 600. The patients 

25 at sites 100 may also communicate by voice with the 
workstation 650. 

The data received by the workstation 650 is ultimately 
stored in a patient database computer 660. The care center 
600 is typically connected to the facility's existing Local 

30 Area Network ("LAN") 700. Thus, the information collected by 

the care center 600 is accessible from any computer on the LAN 
700 and may be assimilated by existing database management 
software. In this configuration, the primary care physician 
sites 710a, 710b, 710c (the total number indicated by N) can 

35 access information collected on each patient monitored by the 

care center 600 via communications link 525. In addition, the 
primary care physicians at sites 710 may communicate by voice 
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with the staff monitoring the care center 600 and with the 
patients at the sites 100. 

The care center 600 is staffed by a medical team 
comprising a case nurse, a field nurse, a pharmacist, a 
5 therapist and a nutritionist. Additional medical personnel is 

added as required. The care center 600 also has the ability 
to download settings and instructions to the subsystem located 
at each patient site 100. The subsystem may also be 
configured to alert the patient when it is time to take 
10 measurements and/or medication. It will also prompt the 

patient and guide them through the procedure through visual 
displays. 

II . Structure and Operation of the Remote Base Units 

The subsystem located at each patient site 100 is 

15 controlled by a base unit 150 as shown in Figure 2. The base 
unit 150 is a self-contained system configured to monitor and 
support a specific disease state or medical condition. 

Figure 2 is a block diagram of a preferred embodiment of 
the patient monitoring and support system 50 of Figure 1 

20 configured to monitor at-risk pregnancy. As illustrated in 

Figure 2, the base unit 150 is connected to a set of modules 
110 which provide measurements of a patient's medical status. 
The base unit 150 is also connected via the communications 
link 500 to the care center 600. As previously described, the 

25 communications link 500 may comprise any communications system 

such as a radio communications link, a modem/ telephone line 
link, a fiber optic link or any other communications link. In 
the present embodiment, a dial-up or leased telephone line is 
used and communications is established via a modem 670 at the 

30 care center 600. 

Two types of functional modules 110 may be connected to 
the base unit 150: sensors 120, which are directly connected 
to the base unit 150, and recorders 160, which receive inputs 
from sensors 120, record the sensor information, and transmit 

35 the recorded data to the base unit 150. The recorders 160 are 

completely portable and may be used remotely by the patient. 
The recorders 160 must, however, be periodically docked in the 



WO 94/24929 PCT/US94/04787 

-8- 

base unit 150 so as to upload or download data or instructions 
and to charge its batteries. 

In one of the presently preferred embodiment, the base 
unit 150 may be provided with three recorders 160 for 
5 monitoring and supporting the treatment of at-risk pregnancy. 
A combined fetal heart rate/uterine activity recorder 210, a 
blood pressure recorder 220 and a urinalysis recorder 23 0 
provide measurements of fetal heart rate and uterine activity, 
blood pressure and urinalysis test data respectively to the 

10 base unit 150. 

The sensors associated with the recorders 160 are as 
follows . An ultrasound transducer 212 provides the means for 
monitoring the fetal heart rate and provides signals 
indicative of the fetal heart rate, to the fetal heart 

15 rate/uterine activity recorder 210. Likewise, a 

tokodynamometer 214 provides the means for monitoring uterine 
activity and provides signals indicative of uterine activity 
to the fetal heart rate/uterine activity recorder 210. 
Similarly, a blood pressure cuff 222 provides the means for 

20 monitoring blood pressure and provides signals indicative of 
the blood pressure of a patient to the blood pressure recorder 
220. Reagent strips 232 provided to the urinalysis recorder 
230 provide the required urinalysis test data. 

In the illustrated embodiment, five types of sensors 12 0 

25 may be directly connected to the base unit 150. These sensors 
120 are: weight scale 122, a temperature probe 124, an event 
switch 126, an infusion pump 128 and a glucometer 130. The 
weight scale 122 provides a signal indicative of the patient's 
weight to the base unit 150; the temperature probe 124 

30 provides a signal indicate of the patient's temperature; the 
event switch 126 is a manual switch provided to the patient to 
monitor contractions; the infusion pump 128 infuses medicine 
into the patient's bloodstream and provides signals of the 
quality and quantity of medicine infused into the patient's 

35 system; and the glucometer provides signals indicative of the 

glucose levels in a patient's system. The base unit 150 may 
also provide signals to the infusion pump 128 to reconfigure 
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the amount and frequency of medicine which is supplied to a 
patient's system. The sensors 12 0 and recorders 160 will be 
described in greater detail in the following sections . 

Figure 3A is a perspective view of a preferred embodiment 
5 of the base unit 150. Figure 3B illustrates the rear panel of 

the remote base unit of Figure 3A. The unit is small and 
portable such that it may be placed on a table next to the 
patient's bed. 

As illustrated in Figure 3A, the base unit 150 comprises 

10 a lid assembly 300 and a base assembly 400. The lid assembly 

300 comprises a display assembly 310, a lid assembly board 340 
{shown in Figure 4) and two recorder docking ports 350a , 350b. 
The base assembly 400 comprises a system board 410 (shown in 
Figure 4) , a third recorder docking port 350c, a storage bay 

15 440 and a rear panel 460. The lid assembly board 340 and the 
system board 410 provide the circuitry for the base unit 150 
and will be described below. 

As depicted in Figure 3C, the display assembly 310 
comprises a Liquid Crystal Display ("LCD") 312 with backlight 

20 313 capability, a touch-sensitive screen 314, a control panel 

316 and three indicator lights 324, 326, 328. In the present 
embodiment, the LCD display 312 is a graphics display with a 
CGA resolution of 320 x 200 pixels and a viewing area of 5.04 
inches x 4.33 inches. The touch sensitive screen 314 is 

25 capable of displaying a set of function keys (not shown) , 

generated through software, for user selection. The function 
keys are generic and reconf igurable in software, may be 
selected by touching the screen 314. Up to 24 keys may be 
generated by software. 

30 The control panel 316 comprises four buttons. The 

leftmost button 317 controls power from the fluorescent 
backlight. The next button 318 controls the up contrast 
voltage to the LCD display 312. The third button 320 from the 
left controls the down contrast voltage to the LCD display 

35 312. This second and third buttons 318, 320 are used to 

provide compensation for different light levels and angles. 
The rightmost button 322 is the Enter key. It is used for 
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returning to a previous screen. The three indicator lights 
indicate the status of system. The leftmost indicator light 
324 indicates the start of a session, the middle indicator 
light 326 indicates if the power is on, and the rightmost 
5 indicator light 328 is a low battery warning indicator alarm. 

The lid assembly board 34 0 comprises integrated circuits 
for the control of the LCD 312 and touchscreen 314 of the 
display assembly 310. The components of the board will be 
discussed in greater detail in the following sections. 

!0 The docking ports 350a, 350b, 350c on the lid assembly 

300 and the base assembly 400 provide for mechanical docking 
of the recorders 160. The docking reports 350a, 350b and 
350c are identical and can receive any one of the recorders 
160. Data transfer to and from the recorders 160 and battery 

15 charging of the recorders 160 are provided through electrical 
and optical interfaces with the base unit 150. 

In the present embodiment and as shown in Figures 3B and 
3C, the docking port 350 is molded to accept the shape of the 
recorder 160, illustrated in Figures 3D and 3E, which is 

20 similar to that of a cordless phone cradle. The narrow end 

162 of the recorder 160 fits into the cradle 164 of the 
docking port 350 and a magnet 166 in the base will contact a 
metal plate 168 in the middle of the recorder 160 to retain it 
during charging and data exchange. Three spring- loaded 

25 contacts 370a, 370b, 370c, at the bottom of the cradle 164 in 
the docking ports 350 provide the electrical and optical 
interface with the base unit 150. The contacts 370 connect to 
corresponding contacts 372 on the end of the recorder 160 for 
charging of the battery and powering the recorder 160 while 

30 the recorder 160 is docked. A molded projection 170 on the 

narrow end 162 of the recorder 160 presses against an 
interlock switch 178 in the base of the docking port 350 to 
indicate that a recorder 160 is docked. 

Four infrared components 174 at the top end of the 

35 recorder 16 0 allow the transmitting and receiving of data, and 

two of the infrared components 174 are flag channels for 
indicating the recorder is busy and the battery charging 
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state. Four infrared components 176 in the docking port 3 50 
correspond to and communicate with the four infrared 
components 174 in the recorder 16 0 via the infrared and power 
link 415 {shown in Figure 4) . When the recorder 160 is 
5 removed from the docking port 350, all power is removed from 

the accessible metal contacts 370, 372. 

The storage bay 440 is a cavity located in the right side 
of the base assembly 400. It provides storage space for 
sensors 120 and associated accessories required for measuring 

10 a variety of parameters. Two communications ports 443, 444 

for receiving the temperature probe 124 and the event switch 
126 are located in the storage bay 440. 

As shown in Figure 3B, the rear panel 460 is an 
input/output interface which provides further monitoring and 

15 control capabilities for the base unit 150. In the preferred 
embodiment, the rear panel 460 comprises a power switch 462 
and a plurality of connectors. The power switch 462 permits 
the powering on and off of the base unit 150 . The first 
connector 464 provides for connection from an external 16 volt 

20 DC supply. The second connector 466 provides connection to a 

sensor. Preferably, a DB-9 connector is used, which accepts 
bi-directional data from the infusion pump 128. The third 
connector 468 provides connection to a second sensor. The 
connector is preferably a DB-9 connector which accepts data 

25 from a glucometer 130. The fourth connector 470 accepts an 

analog signal from the weight scale sensor 122 and provides 
power to the load cells in the scale 122. The fifth connector 
472 is provided for connection to a printer 13 6 which prints 
fetal heart rate/uterine activity charts . The sixth connector 

30 474 is a direct connect port 474. The port is preferably a 

conventional RS-232 type port, provided to permit the base 
unit 150 to be connected directly to another personal computer 
138 for testing and data retrieval. The seventh connector 476 
provides for connection to a telephone line 134 . Preferably, 

3 5 the connector is an RJ-11 jack, which provides for direction 

connection to the public switched telephone network. The 
eighth connector 478 provides for connection to a telephone 
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line 134. Preferably, a RJ-11 connector is used, which 
accepts a standard telephone and provides a connection to the 
telephone line 134 when the modem 670 is not on-line. 

Figure 4 is a functional block diagram of an exemplary 
5 base unit 150 and the modules 110 (sensors 120 and recorders 
160) and care center 600 with which it interfaces. As 
depicted in Figure 4, the base unit 150 communicates with the 
care center 600 from remote sites 100. As illustrated, the 
sensors 120 are connected to the remote base unit (RBU) 150 

10 via connectors 464, 466, 468, 470, 472, 474, 476 and 478 on 

the rear panel 460 of the RBU 150 and via connectors 442 and 
443 located within the storage bay 460 of the RBU 150. The 
recorders 160 communicate with the RBU 150 via infrared and 
power links 415. These connectors 442, 443, 464, 466, 468, 

15 470, 472, 474, 476 and 478 and infrared links 415 provide the 
signals from the sensors 120 and recorders 160 to the 
electronics circuitry in the RBU 150. 

As previously discussed, the RBU 150 comprises a lid 
assembly 3 00 (shown in Figure 3) and a base assembly 4 00 

20 (shown in Figure 3) . The lid assembly 300 comprises a display 

assembly 310, a lid assembly board 340 and two recorder 
docking ports 350a, 350b. The base assembly 400 comprises a 
system board 410, a third recorder docking port 350c, a 
storage bay 440 and a rear panel 460. 

25 As shown in Figure 4, the lid assembly board 340 

comprises integrated circuits for the control of the LCD 312 
and touchscreen 314 and two recorder interface boards 416a, 
416b. 

The system board 410 comprises a recorder interface board 
30 416c, a microprocessor-based central processing unit (CPU) 

412, a memory module 418, a temperature/scale board 42 0, a 
memory interface circuit 430, a communications interface 
circuit 440, a modem board 450, a microprocessor decode buffer 
circuit 460, three power supplies 470a, 470b, 470c and a power 
35 interface and control circuit 4 80. 

The memory module 418, connected to the CPU 412 via a 
conventional data bus, comprises 64 Kbytes of Read Only Memory 
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(ROM) used for the Basic I/O System (BIOS) , 1 Megabyte of ROM 
used for the operating system and applications software and up 
to 3 2 Megabytes of Random Access Memory (RAM) . 

As illustrated in Figure 4, the fetal heart rate/uterine 
5 activity recorder 210, the blood pressure recorder 220 and the 

urinalysis recorder 23 0 are each connected using infrared and 
power links 415a, 415b, 415c via the docking interface boards 
414a, 414b, 414c in each recorder 210, 220, 230 to one of two 
recorder interface boards (RIBs) 416 on the Lid Assembly 300 

10 or to the recorder interface board 416 on the base assembly 
400. Information previously recorded by the recorders 210, 
220, 230 are then transferred to the CPU 412. Alternatively, 
when a session is scheduled, the patient takes the required 
measurements and the recorders 210, 220, 23 0 store the 

15 information, which is transferred to the CPU 412. 

The five directly connected sensors are connected to the 
RBU as follows. The weight scale sensor 122 is plugged into 
connector 470 in the rear panel 460 of the RBU 150. Likewise, 
the infusion pump 128 and the glucometer 130 are plugged into 

20 either connector 466 or connector 468 on the rear panel 460 of 

the RBU 150. The temperature probe 124 and the event switch 
126 are plugged into the receptacles 442 and 443 located 
within the storage bay 440 of the base assembly 400. 

The measurements monitored by the temperature probe 124 

25 and weight scales 122 are provided to the temperature /scale 
board 420, which processes the signals provided by the 
temperature probe 124 and weight scales 122. The resultant 
signals are provided via the communications interface circuit 
440 to the CPU 412. 

30 Signals provided by the event switch 126 via event 

receptacle 443 are provided to an I/O port decode circuit 820, 
in the communications interface circuit 440 which provides 
proper selection of the I/O ports to be read. Similarly, 
signals provided by the glucometer 130 and infusion pump 128 

35 via connectors 466, 468 are first provided to electromagnetic 
interference/electromagnetic static discharge (EMI/ESD) 
circuits 832, 834 which filter the signals from extraneous 
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electromagnetic radiation. The signals from the I/O port 
decode circuit 820 and the EMI/ESD circuits 832, 834 are 
provided to the interface circuit 44 5 , which permits the CPU 
412 to select the device it communicates with. Here, the 
5 device is either the event switch 126, glucometer 130 or 
infusion pump 128. The resultant signals are provided to the 
microprocessor decode buffer circuit 460, which then provides 
the signals to the CPU 412. 

The external power supply 132 is provided to the power 

10 supply interface and control circuitry 480 via power connector 

464. The power is provided via the microprocessor decode 
buffer circuitry 460 to the other elements in the RBU 150. 

The telephone line 134 is provided via an RJ-11 connector 
478 to the internal modem circuitry 450 of the RBU 150. A 

15 portable printer 136 for printing fetal heart rate/uterine 
activity charts, is connected via connector 4 72 to the CPU 412 
and then to the modem 450. A computer 138 for testing and 
data retrieval may be connected via a direct connector 474 to 
the CPU 412 and then to the modem 450. 

20 Figure 5 is a schematic diagram of an exemplary docking 

interface board (DIB) 414 in each of the recorders 160. The 
DIB 414 comprises four infrared circuits 702, 704, 706, 708, 
a battery charge control circuit 712, and a battery charge ESD 
protection circuit 714. Of the four infrared circuits, two 

25 circuits 702, 704 are dedicated for receiving and transmitting 

data, respectively. The other two circuits provide two flag 
channels 706, 708 used for indicating that the recorder 160 is 
busy and for indicating the battery charging state of the 
recorder 160 and docking port 350, respectively. 

30 As discussed earlier, three spring-loaded contacts at the 

bottom of the cradle in the docking ports 416 provide the 
electrical and optical interface with the RBU 150. The 
contacts connect to corresponding contacts on the end of the 
recorder case for charging of the battery and powering the 

35 recorder 160 while the recorder 160 is docked. A molded 

projection 178 (Figures 3D and 3E) on the narrow end 164 of 
the recorder 160 presses against an interlock switch 176 
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(Figure 3C) in the docking port 350 to indicate that a 
recorder 160 is docked. The battery charge controller 706 
coordinates the charging of the battery in the recorder 160. 
The battery charge ESD protection circuit 722 isolates the 
5 board from extraneous ESD. The battery cells in the DIB 414 

are charged by a battery pack in the RBU 150 via connector 
716. The battery cells permit the recorder to record 
measurements remote from the RBU 150. Connector 718 provides 
for connection to the LCD 312. A second connector 720 
10 provides a means for supplying power to the components on the 
DIB 414. Preferably, these connectors are Molex connectors. 
An ambient light chopper and controller 722 ensures that 
ambient light does not interfere with the functioning of the 
infrared sensors. 

15 Figure 6 is a schematic diagram of an exemplary recorder 

interface board ("RIB") 416 of the RBU 150 diagrammed in 
Figure 4. The RIB 416 comprises four infrared circuits 732, 
734, 736, 738, a light beam interrupt sensor 740 and an LED 
power charge indicator 326. Two of the circuits 732, 734 

20 provide channels for transmitting and receiving data, 
respectively, from the recorders 160 and two flag channels 
736, 738, for indicating the RBU 160 is busy and in a battery 
charging state, respectively. These four channels correspond 
to the four infrared channels on the DIB 414 (Figure 5) . The 

25 LED 326 on the RIB 416 provides indication of the power 

charging state of the RBU 150 and a light beam interrupt 
sensor 740 indicates the presence of a docked recorder 160. 

Figure 7 is a schematic diagram of an exemplary Lid 
Assembly Board 340 of RBU 150 diagrammed in Figure 4. The LCD 

30 Assembly Board 340 comprises an EPSON E 1330DA LCD display 
controller chip 750 which controls the LCD display 312 and 
touch screen 314 decoding functions, as well known in the art. 
The LCD controller 750 is provided with volatile Random Access 
Memory ("RAM") 750 for screen bit mapping and a Read Only 

35 Memory ("ROM") 750 for character generation. A Peripheral 

Interface Adapter (PIA) 752, connected to the controller chip 
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750, is used to provide the interface with the touch sensitive 
screen 314. These components are well known in the art. 

In the present embodiment, the LCD screen brightness and 
contrast control voltages are provided by a digital rheostat 
5 754 which is controlled by a pair of switches 318, 320 mounted 

on the front control panel 316 of the lid assembly 300. 
Preferably, the rheostat 754 is a DS 1669-50 digital rheostat. 
The lid assembly board 340 also has an LED power supply 756 
which supplies power for the up/down contrast voltage 

10 controlled by buttons 318, 320 on the control panel 316 and a 

backlight power supply 758 controlled by the button 317. The 
lid assembly board 34 0 also provides connectors 760 for the 
system board's input/output (I/O) bus and annunciator signals 
(power on, low battery and Scheduled Appointment Reminder 

15 Indicator (SARI)). Electrical signals from the lid assembly 

board are routed to and from the base assembly flex cables 
(not shown) . The matrix pullups circuit 762 and the matrix 
drivers circuit 764 identify the area of the touch screen 314 
the area has selected, as known in the art. A decode latches 

20 circuit 768 enables data to be saved, as known in the art. 

Figure 8 is a schematic of the temperature and scale 
board 420. It comprises an analog- to-digital converter (ADC) 
770, temperature signal procession 772 and a weight scale 
signal processor 774. As shown in Figure 8, the ADC 770 

25 accepts analog inputs from multiple channels. In the present 

embodiment, the ADC 770 accepts inputs from 3 channels. The 
low voltage sense signals from the RBU 150 enter the ADC 770 
which converts the sense signals to digital form upon request 
by the CPU 412. The digitized values are read by the CPU 412 

3 0 via a conventional data bus connecting the ADC 770 to the CPU 
412. 

As shown in Figure 8, the temperature scale signal 
processor 772 is connected to an external temperature probe 
124 (Figure 4) via a connector 442 on the back panel 460, and 
35 comprises a temperature probe presence detect signal line 776, 

an autocalibration circuit 778, a gain and offset circuit 780 
and a filter 782. When the temperature probe 124 is plugged 
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into the connector 442, the temperature presence detect signal 
line 776, which is read by the CPU 412 (Figure 4) , is grounded 
by the temperature probe 124, thereby indicating that the 
. probe 124 is plugged in. A second signal is concurrently 
5 provided by the probe 124 to an autocalibration circuit 778, 

which calibrates the scale to be used in measuring the 
incoming signal. Calibration is performed by the software. 
The gain and offset circuit 780 then amplifies the signal from 
the temperature probe 124 so as to correspond to the range of 

10 the ADC 770, and offsets the signal to take full advantage of 

the ADC's range. The signal is then filtered through filter 
782 to eliminate random noise and then provided to the ADC. 
The CPU 412 will then read the output of the ADC 770. 

The weight scale signal processor 774 is also connected 

15 to an external weight scale 122 (Figure 4) , via connector 470. 

The processor 774 comprises a scale presence detect signal 
line 784, a scale gain potentiometer 786, a gain and offset 
circuit 788 and a filter 790. The scale presence detect 
signal line 784 detects the presence of an external scale 122 

20 in the same manner as the temperature probe 124 presence 

detect signal line 776 . A second signal provided by the scale 
122 is concurrently provided to the scale gain potentiometer 
786, which sets the signal range for proper digitization for 
the ADC 770. The signal is then provided to a gain and offset 

25 circuit 788. The gain and offset circuit 788 then amplifies 

the signal so as to correspond to the range of the ADC 770, 
and offsets the signal to take full advantage of the ADC's, 
range. The signal is then filtered via filter 790 to 
eliminate random noise and then provided. to the ADC 770. The 

30 CPU 412 will then read the output of the ADC 770. 

Figure 9 illustrates the Memory Interface Circuit 430 of 
the RBU 150 diagrammed in Figure 4. The Memory Interface 
Circuit 430 comprises an address bus buffer 792, a boot 
microprocessor decoder 794, a ROM BIOS Hook 796, a data 

35 decoder 798, a run decoder 799, a data bus buffer 800, a 

memory module with 4 sets of memory 418a, 418b, 418c, 418d and 
a programmable configuration change circuit 810. 
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The memory module 418, connected to the CPU 412 (Figure 
4) via a conventional data bus, comprises 64 Kbytes of Read 
Only Memory (ROM) used for the Basic I/O System (BIOS), 1 
Megabyte of ROM used for the operating system and applications 
5 software and up to 32 Megabytes of Random Access Memory (RAM) . 

Signals from the CPU 412 are provided to the address bus 
buffer 792 which provides a boost to signal strength along the 
address bus. The address bus buffer 792 then provides the 
signals to the boot microprocessor decoder 794 which decodes 
10 ROM addresses and enables the ROM BIOS hook 796. The ROM BIOS 
hook 796 provides a mechanism for allowing the software to be 
executed during the boot-up process. The signals are then 
provided to the data bus buffer 800 which ensures that the 
memory circuits are adequately driven and the programmable 
15 configuration change circuit 810 permits changes in 
configuration to be implemented. These signals are then 
provided to the memory modules 418 which reside on the same 
circuit board as the memory interface circuit 430. 

Signals from the CPU 412 are also provided to the data 
decoder 798 which provides selection of the correct channels. 
These signals are then provided to the run decoder 799 which 
coordinates signal flow. Signals from the run decoder are 
then provided to the data bus buffer 800, which functions as 
described above and which provides the signals to the memory 
modules 418. Signal flow between the CPU 412 and the memory 
modules 418 via the memory interface board 430 is bi- 
directional. The components described above are well 

understood in the art. 

As shown in Figure 10 , the Communications Interface Board 
440 comprises an I/O Port Decode Circuit 820 implemented by 
two Universal Asynchronous Receiver/Transmitters 822, 824 
(UART) as known in the technology. The UART provides clear- 
to-send and request -to -send processing used for data flow 
control. Multiplexers 826, 828 connected to each of the 
UARTs 822, 824 select microprocessor communication with 
communications ports 446, 448 and the event switch receptacle 
443. The multiplexer 826 is connected via RS232 converter 830 



20 



25 



30 



35 



WO 94/24929 PCT/CS94/04787 

-19- 

which converts RS 232 voltages to transistor- to- transistor 
(TTL) voltage levels, as known in the art. The RS 232 
converter 830 is connected to two EMI/ESD circuits 832, 834. 
The EMI/ESD circuits 832, 834 filter extraneous 
5 electromagnetic signals from the circuits and are connected to 

communications ports 446, 448. 

Also illustrated in Figure 10, the Hardware Watchdog 
Alarm 836 connected to the CPU 412 forces a system reset if 
the system is not triggered at a predetermined interval, as 
10 known in the technology. In the present embodiment, the 
predetermined interval is 30 seconds and serves to conserve 
power. The system reset is also announced by a 200 
millisecond beep from a small piezoelectric speaker. 

Figure 11 depicts the Internal Modem Circuit 450 of the 
15 RBU 150. One serial interface of the communications interface 
circuit 440 is used to communicate to an internal modem 450, 
which in turn connects to a telephone line 134 (Figure 4) via 
phone jack 478 to communicate with the care center 600. In 
the present embodiment, the internal modem 450 is a Hayes- 
20 compatible integrated circuit 840 which provides 2400 baud 

modulation and demodulation for direct telephone line 
connection. Alternatively, the serial interface is used to 
communicate to a radio interface (not shown) which in turn 
connects to a radio (not shown) to communicate with the care 
25 center 600. Those skilled in the relevant technology will 
appreciate that other communications links may also be used. 
The internal modem circuit 450 also has a ring detect circuit 
842 which indicates when a message is received. Finally, the 
circuit 450 has a line interface circuit 844 which provides 
30 the necessary interface from the modem circuit 840 to the 

connector 478 and the ring detect circuit 842. 

Figure 12 is a schematic diagram of the Microprocessor 
Buffer Decode Circuit 460 of the RBU 150 diagrammed in Figure 
4. This circuit provides a buffer for the CPU 412 and permits 
35 the CUP 412 to select the device it is reading from or to. 

The microprocessor of the CPU 412 fits into the connector 850 
on the microprocessor buffer decode circuit 460. The 
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connector connects to a microprocessor buffer decode circuit 
852 which provides a buffer for the CPU 412 as known in the 
art. The buffer decode circuit 852 is connected to flex 
cables 854 which connect the base assembly board 410 to the 
5 lid assembly board 340. The communications interface circuit 

858 connects the direct connector 474 to the CPU 412 and the 
ESD/EMI circuit 860 connects the printer connector 472 to the 
CPU 412. 

As illustrated in Figure 13, three identical power 

10 supplies each provide +8.75 volts DC to power each of the 
recorders 210, 220, 230 for data communications and operation. 
An additional lead 862a, 862b, 862c in each of the power 
supplies 470a, 470b, 470c provide a 600 mA constant current 
source to charge the battery pack. The power supplies 470a, 

15 470b, 470c additionally controls the shutdown interlock via 
connections 864a, 864b, 864c. 

As shown in Figure 14, the Power Interface and Control 
Circuitry 480 provides an interface to external power and 
circuitry for control and monitoring of power. An external 

20 source 132 provides the +16 volts DC to the RBU's I/O bus via 

power connection 462. From the external power source 132, the 
control circuitry 870 derive +5 volts DC power necessary for 
other elements in the RBU 150. The control circuit 872 
derives power for the LCD backlight 313 and the indicator 

25 lights 324, 326, 328. A separate battery-backed RAM 874 is 

provided to retain memory during power loss. Presently, 
nickel -cadmium batteries are used. The power interface and 
control circuit 480 also has a shutdown circuit 876 which 
shuts down the system in the event of a catastrophic circuit 

30 failure and a low power shutdown circuit 878 which provides 

for power shutdown when the battery voltage falls below the 
limit required for normal operations. 

III. Functional Modules for Moni toring At -Risk Pregnancy 

As shown in Figures 2 and 4, two types of modules 110 may 
35 be connected into the RBU 150; sensors 120 which may be 

plugged directly into the RBU 150, and recorders 160, which 
receive inputs from sensors 120, record the sensor 
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information, and transmit the inputs' to the RBU 150. The 
recorders 160 are completely portable and may be used remotely 
by the patient. The recorders 160 must however, be 
periodically placed into a docking port 350 in the RBU 150 so 
5 as to upload or download data or instructions and to charge 

its batteries. 

In the present embodiment, the RBU 150 is configured to 
receive three recorders 210, 220, 230 for monitoring a the 
medical status or condition of a patient. In one embodiment, 
10 the medical condition monitored is an at-risk pregnancy. 

Advantageously, the recorders utilized to monitor this 
condition are: a combined fetal heart rate/uterine activity 
recorder 210, a blood pressure recorder 220 and a urinalysis 
recorder 230. 

15 The fetal heart rate/uterine activity recorder 210 is a 

hand-held, completely self-contained ultrasound fetal heart 
rate monitor with uterine activity and event channels. The 
fetal heart rate/uterine activity recorder comprises a docking 
interface board (DIB) 414 and a fetal heart rate/uterine 

20 activity circuit board (not shown) . 

The DIB 414 comprises four infrared channels which 
provide logic levels to indicate that the recorder is busy 
with a measurement, to indicate that the battery pack is 10 
degrees C above ambient (indicating full battery charge) and 

25 the third and fourth. channels are used to transmit and receive 
data as discussed above. 

An intrauterine sensor 214 is connected to the fetal 
heart rate/uterine activity board via a connector. A 
tokodynamometer as claimed in pending U.S. patent application 

30 number 07/754,960 is preferably used as the intrauterine 

sensor 214 and is connected to the uterine activity recorder 
via a connector. 

In the presently preferred embodiment, the fetal heart 
rate/uterine activity circuit board is model number 4220 

35 provided by Seward Medical Ltd. in Newport, Wales. An 

ultrasound transducer 212, model 4220 provided by Seward 
Medical Ltd. is also connected to the fetal heart rate/uterine 
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activity circuit board via a connector. The ultrasound 
transducer 212 monitors the fetal heart rate and provides the 
fetal heart rate to the fetal heart rate/uterine activity 
circuit board. The fetal heart rate/uterine activity circuit 
5 board utilizes continuous doppler shift ultrasound technology, 
as known in the relevant technology, to provide the fetal 
heart rate signals on the LCD 312 of the RBU 150. The fetal 
heart rate may be detected via headphones connected to the 
fetal heart rate circuit board. A programmable timer in the 

10 fetal heart rate/uterine activity circuit board controls the 

monitoring session length and overall exposure time to 
ultrasound energy. 

The fetal heart rate/uterine activity recorder 210 is 
docked in the RBU 150 and the LCD 310 in the RBU 150 prompts 

15 the patient through the set-up procedure and monitoring 
session. Various warning prompts and an audible beeper alerts 
the patient to any problems during the session. 

The blood pressure recorder 220 comprises an DIB 414 and 
a blood pressure circuit board. The DIB is substantially 

20 similar to the DIB described above. The blood pressure 

circuit board is model number 90207 provided by Spacelabs 
Medical Inc. from Redmond, Washington. A blood pressure cuff 
222 with a pressure transducer is connected to the blood 
pressure recorder 220 and used to monitor blood pressure. One 

25 of four blood pressure cuff sizes may be selected, and these 

are model numbers SAD 4211, AD 4212, LAU 4213 and EXL 4214 
provided by Spacelabs Medical Inc. The blood pressure 
recorder 220 is a battery-operated microprocessor-controlled 
non-invasive pressure monitor. The blood pressure recorder 

30 220 automatically inflates and deflates a range of pressure 

cuffs described above. The blood pressure recorder 220 has 
two modes of operation: an ambulatory mode, where the patient 
wears the cuff 222 for an extended period and the RBU 150 
automatically takes readings and a reminder mode where the 

35 unit alerts the patient that it is time for a reading. The 

blood pressure recorder 220 is placed in one of the RBU' s 
docking ports 350 to charge its batteries and transfer its 
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data. The RBU 150 may also reset the controls in the blood 
pressure recorder 220 . 

The urinalysis recorder 230 used in the present 
embodiment is disclosed in U.S. Patent Number 5,182,707. The 
5 urinalysis recorder 230 additionally comprises an DIB 414 

which is substantially identical to DIB 414 described above. 
The urinalysis recorder 23 0 is a battery-operated 
microprocessor-controlled device that permits a patient to 
visually match the results of a urine reagent strip 232 with 

10 color blocks printed on the top of the recorder 230. Each 
record is time and date stamped and stored in memory. When 
the urinalysis recorder is returned to the RBU 150, the data 
will be transferred to the RBU memory 418 via the infrared 
link 415. The LCD display 312 is employed to prompt the 

15 patient through the measurements. Additionally, the front 
panel overlay on the urinalysis recorder 230 can be changed to 
accommodate different combinations of reagent test pads. 

The sensors 110 which are directly plugged into the RBU 
150 to monitor at-risk pregnancy are: a temperature probe 124, 

20 a weight scale 122, an infusion pump 128, an event switch 126 

and a glucometer 130. 

In the present embodiment, the temperature probe 124 is 
of the thermistor variety. The thermistor is located at the 
end of a four- inch long shaft encased in an aluminum tube. 

25 The tip is isolated from the rest of the shaft via a plastic 
separator section with the rest of the shaft made of stainless 
steel. The opposite end of the shaft has a molded plastic 
grip that will also provide a cable strain relief. The cable 
connected to the probe is a three feet long coiled cord 

30 terminated at a connector that mates with the connector in the 
storage bay. 

The weight scale 122 used in the present embodiment is a 
platform which connects via cable to the rear panel 460 of the 
RBU 150. The presently preferred scale utilizes a four load 
35 cell configuration for a measuring a maximum weight of 440 

pounds, +/- 0.5 pounds. The platform is preferably covered 
with a molded plastic housing and provided with a bottom plate 
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to protect the load cells. In the present embodiment, the 
platform is 11" x 13" x 2". 

The infusion pump 128 used in the present embodiment is 
model 508 manufactured by Mini-Med Inc. of Sylmar, California. 
5 The infusion pump 128 contains a data interface and may be 
connected to serial ports 466 or 468 on the rear panel 460. 
The infusion pump 128 may be reprogrammed from the care center 
600 and medical information stored in the pump's internal 
memory may be uploaded from the pump 128 to the care center 
10 600. In the at-risk pregnancy configuration, the patient may, 

for example, be infused with trebut aline under certain 
conditions . 

The event switch 126 used in the present embodiment is 
model 4201 manufactured by Switchcraft Co. The event switch 

15 126 is mounted in a hand -grip housing with a thumb button at 

one end and six feet of cable at the other end. The event 
switch 126 provides a means of counting the kicks of the fetus 
when the fetal recorder 210 is not included with the system. 
Alternatively, the event switch 126 may be reconfigured to 

20 monitor the occurrence of any event. 

The glucometer 130 utilized in the present embodiment is 
model PVD manufactured by Miles Diagnostic Inc. of Illinois. 
The glucometer 136 contains a data interface and is connected 
to either serial ports 466 or 468 on the rear panel 460 of the 

25 RBU 150. The results of the glucose measurements stored in 
the glucometer' s internal memory is transferred into the 
memory of the RBU 150 and subsequently transmitted to the care 
center 600. 

IV. Functional Modules U sed in Monitoring of Other Disease 

30 States 

The RBU 150 may also be reconfigured to monitor a variety 
of other medical conditions or therapies. These conditions 
may be monitored in conjunction with at-risk pregnancy to 
provide a more complete treatment tailored to a patient's 

35 particular needs. Alternatively, the RBU 150 may be 

configured to monitor other specific medical therapies for the 
treatment of specific medical conditions. The following 
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sections will continue to refer to Figures 2 and 4 in 
discussing: A. Monitoring of Human Organ Flow; B. Monitoring 
of In Vivo Plasma Separation; C. Monitoring of Blood 
Cholesterol Exchange; and D. Monitoring of Gas Exchange. It 
5 should be noted that the RBU 150 may be similarly reconfigured 

to monitor other disease states. 

A. Monitoring of Human Organ Flow 

The RBU 150 may be reconfigured to monitor human organ 
flow. Treatment of various disease states, such as kidney 
10 failure or liver failure, requires therapy involving the 
monitoring of fluid flow. 

1 . Monitoring of Kidney Dialysis 

The RBU 150 may be reconfigured to monitor kidney 
dialysis. A kidney dialysis recorder may be used in place of 
15 one of the recorders 160 described above for a patient with an 
at-risk pregnancy condition, or used in conjunction with fetal 
heart rate/uterine activity recorder 210, the blood pressure 
recorder 220, and urinalysis recorder 230. 

The kidney dialysis apparatus disclosed in U.S. Patent 

2 0 Number 5,151,082, may be used in place of one of the recorders 

160. In the presently preferred embodiment, this kidney 
dialysis recorder additionally comprises an DIB 414, which is 
substantially identical to the DIB 414 described above, and 
which is used to facilitate data communications with the RBU 
25 150. 

2. Monitoring of Liver Support Therapy 

The RBU 150 may also be reconfigured to monitor liver 
support. A liver support recorder may be used in place of one 
of the recorders 160 described above or used in conjunction 
30 with the blood pressure recorder 220, and urinalysis recorder 

230 or any other recorder 160. 

The apparatus for monitoring human organ flow disclosed 
in U.S. Patent Number 5,151,082, is preferably used to monitor 
liver support. In the presently preferred embodiment, this 

3 5 liver support recorder additionally comprises an DIB 414, 

which is substantially identical to the DIB 414 described 
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above, and which is used to facilitate data communications 
with the RBU 150. 

Just as the infusion pump 128 may be reprogrammed from 
the care center 600, the kidney dialysis recorder and the 
5 liver support recorder may also be reprogrammed from the care 
center 600. Such reprogramming includes updated treatment 
schedules and updated medical procedures which reflect changes 
in the treatment of kidney dialysis. Medical information 
stored in the kidney dialysis recorder's memory and that 
10 stored in the liver support recorder's memory may be uploaded 

from the respective recorders 160 to the care center 600. 

B. Monitoring of In Vivo Plasma Separation 

The recorder 160 for monitoring in vivo plasma separation 
is disclosed in U.S. Patent Number 4,950,224. The recorder 

15 additionally comprises a DIB 414 as described above and is 
docked in the recorder docking port 350 in the same manner as 
the recorders 160 described above. A catheter, as claimed and 
described in pending U.S. Application Number 07/229,13 8, is 
used to connect the recorder to the patient's vein. The RBU 

20 150 may also reconfigure the settings of the in vivo plasma 

separation recorder. 

C. Monitoring of Blood Cholesterol E xchange 

The recorder 160 for monitoring blood cholesterol 
exchange is disclosed in U.S. Patent Number 5,152,743. In the 

25 present preferred embodiment, this recorder additionally 
comprises an DIB 414 as described above, to facilitate data 
transmission with the RBU 150. A catheter, as claimed and 
described in pending U.S. Application Number 07/229,138, is 
used to connect the recorder to the patient's vein. The 

30 recorder is docked, and information between the recorder and 
the RBU 150 is transmitted and received in the same manner as 
for the recorders described above. The RBU 150 may also 
reconfigure the settings of the in blood cholesterol exchange 
recorder. 

35 D. Monitorin g of Gas Exchange 

The recorder 160 for monitoring gas exchange is 
disclosed in pending U.S. Patent Number 5,224,92 6. In the 
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present preferred embodiment, this recorder additionally 
comprises a DIB 414 as described above. A catheter, as 
claimed and described in pending U.S. Application Number 
07/229,138, is used to connect the recorder to the patient's 
5 vein. The recorder is docked, and information between the 
recorder and the RBU 150 is transmitted and received in the 
same manner as for the recorders described above. The RBU 150 
may also reconfigure the settings of the in gas exchange 
recorder . 
10 V. System Process Flow 

Figure 15 is an operational flowchart of the patient 
monitoring and support system 50 of the present invention. In 
general, the RBUs 150-150C acquire data representing the 
medical status and requirements of a patient and transmits the 
15 data to the care center. The care center 600 performs 
primarily the functions of obtaining data from the RBUs 150- 
150C and for communicating with the RBUs 150-150C. The care 
center 600 also accepts inputs from medical personnel 
monitoring the status of the patients at the care center 600 
20 or from primary care physicians 710 on the LAN 700 and 

transfers the data to the RBU 150. It can also reconfigure 
the RBUs 150 based on the input provided at the care center 
600. 

With reference to state 880 in Figure 15A, the primary 
25 care physician 710 or medical personnel from a clinic or 
hospital initially supplies individual patient history 
including surgery and/or therapy, the patient's medical status 
and symptoms to the care center 700 staff. Based on the 
patient's history and medical status, the doctor prescribes 
30 home care. The patient's personal data is entered into the 

database at the care center 600. 

Next, as illustrated by state 882, the doctor and staff 
consults with each other the doctor provides a prescription of 
the required therapy or treatment as shown in block 884. 
35 Based on the prescription, the care center staff constructs a 

regimen initially tailored for the patient. These include 
system configuration, the definition of protocols, developing 
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a report of the structure, configuring the system and 
validating the system. The care center staff comprises a 
field nurse, a case nurse, a nutritionist, a therapist and 
other medical support personnel. 
5 When the regimen is properly constructed, the system is 

delivered and installed in the patient's home as shown in 
state 886. Upon installation, a member of the care center 
staff trains the patient monitoring and status system 50 of 
the present invention, as shown in state 888. 

10 When training is completed, the patient is ready to 

operate the system as shown in state 890. When a test or 
scheduled session has been completed, the medical data 
obtained is sent as depicted in state 892, to the care center 
staff who enters the data into the database, as shown in state 

15 894. The staff then prepares the necessary physician reports 

and transmits them to the physician as shown in state 896. 

Upon receipt of the data, the physician interprets and 
analyzes the data as shown in state 900. Based on the 
physician's analysis, the care center staff calculates, 

20 orders, delivers drugs or supplies and schedule nurse visits 
as required, as shown in state 902. These instructions are 
sent to the patient. 

Based on the physician's analysis, the patient's 
prescription, visits and schedules are changed as shown in 

25 state 904. The care center staff accordingly changes the 
configuration, protocols, etc., according to the new 
prescription via modem. The patient receives the changes and 
implements the changes via modem or manually. 

If configuration is required, the process in state 904 is 

30 repeated. If no configuration is necessary, operation of the 
system (state 890) is reinitiated and further therapy is 
obtained (state 908), otherwise, the session is terminated at 
state 910. 

VI . Process Flow for Monitoring At -Risk P regnancy 
35 Figure 16 is a flow diagram of the at-risk pregnancy 

monitoring and support software of the present invention, 
which is located in the remote base unit 150. Software for 
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the base unit 150 function is, in a presently preferred 
embodiment, written in the "C++" language. Nonetheless, one 
skilled in the technology will recognize that the steps in the 
accompanying flowcharts can be implemented by using a number 
5 of different languages, language translators, computers and 
circuitries . 

The RBU 150 comprises a microprocessor such as the AMPRO 
XT (CPU 412, Figure 4) which executes a computer program. The 
computer program controls the operation of the system. At the 

10 start of the program, (state 912) initialization of variables, 

program data and device registers occurs. 

Global variables which are common variables used by more 
than one function and/or object in the program are first 
initialized, as shown in state 914. The state machine is then 

15 initialized, as shown in state 916. This is a definition of 
process structure and starting point. Next, vendor 
communication is initiated at state 918. This is an 
initialization of the routines in communications software 
obtained from a third party; which make use of the modem and 

20 serial ports for data communications with the care center 600, 
the recorders 160 and other peripherals. 

The Read Configuration file used to configure registers 
for the session program input /output, is then initialized 
(state 920). Next, hardware objects such as LCD control are 

25 initialized (state 922), followed by Interface objects (state 

924) and Test Configuration (state 926) such as calibration 
settings. These are the software routines which control the 
hardware, interface data and test data. 

Next, initialization of patient data configuration occurs 

30 (state 928) . Patient Data includes the name, Patient 

identification, phone number of primary physician and care 
center and a list of their scheduled sessions. 

The Event Schedule which handles the multitasking of the 
software objects is next initialized (state 930) . 

35 Initialization of the User Interface Data follows (state 932) . 

This includes initialization of Error Handling format, the 
Icon Manager and the System Input and Output. 
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The Hardware Input/Output registers are next initialized 
(state 934) . These include initialization of the port and 
docking detects, the light indicators, the battery check 
register, the recorder charging register and the watchdog 
5 register. 

Initialization of the Session Manager follows, as shown 
in state 93 6. The Session Manager schedules the sessions and 
updates all sessions displayed on the machine . Sessions here 
refer to the scheduled periods during which the patient 

10 monitors his medical condition. Variables in the Home Display 
are then initialized (state 938) . 

Upon completion of initialization, the program queries if 
the QUIT flag, a variable stored in RAM, is set as shown in 
state 94 0. If the flag is set, the program proceeds to delete 

15 the previously initialized values as shown in states 955-976. 

If the QUIT flag is not set, the program proceeds to the next 
state, state 942, which retriggers the hardware watchdog 
alarm. This process prevents the computer from being reset, 
and permits the program from continuing without interruption. 

20 The program then proceeds to examine if the program state is 

idle as shown in state 946 . This state examines the reasons 
for inactivity. 

If the program state is found to be idle, i.e., there is 
no activity in the base unit 150 indicated by the program, the 

25 program proceeds to state 948, which checks if there has been 

a system input by examining if a touchscreen 314 function key 
on the LCD 312 has been selected. The program also checks 
with the scheduler to examine if a session is scheduled. If 
either a key has been selected or a session has been 

30 scheduled, the program requests performance of the specified 

task as shown in state 954. For example, a session may be 
initiated, measurements such as blood pressure are taken and 
the data is transmitted from the base unit 150 to the care 
center 600. The human interface portion of the base unit 150 

35 software will be described in some detail below with respect 

to Figures 18 to 22. If neither of these activities occurred, 
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the program proceeds to examine if the program state is still 
idle as shown in state 950. 

If the base unit 150 is idle, the program checks the test 
battery, the session controller and the recorder docking bays 
5 to see if a recorder is docked, it then updates the time 

clock, coordinates the charging of the recorder. If all these 
activities are not in error, the program returns to state 950 
and checks if the base unit 150 is still idle. When the base 
unit 150 is no longer idle or if an error has been corrected, 

10 it proceeds to perform the task as specified by the patient or 
as scheduled (state 954) .Upon completion of the task, the 
program checks the QUIT flag (state 940) and continues 
examination of the program state and performance of the 
specified tasks until request for termination is made. When 

15 termination of the program is requested, deletion of 
previously initialized values are deleted (states 955-976) . 
Finally, the program examines if the restart flag is set as 
shown in state 980. If so, the program starts up again (state 
982) . If not, the program is terminated (state 984) . 

20 VII. Data Flow between the Remote Base Unit and the Care 

Center 600 
A. Data Flow 

As shown in Figure 17, the care center 600 functions as 
the system controller in the present embodiment and performs 

25 the following primary functions: poll the remote base units 
("RBUs") 150 (Figure 2) for data, provides the data received 
to a member of the medical staff, stores information obtained 
from the RBUs 150 in a central database managed by or 
maintained on the facility's patient database computer 660 

30 (Figure 1), transmits information such as instructions, 

medical procedures and scheduling of appointments to the RBUs 
150. In the present embodiment, a South Mountain 

Communication Board with 8 channels is used. The patient 
database computer is preferably a VAX with 10 Gigabytes of 

3 5 memory . 

The care center 600 is typically connected to the 
facility's existing Local Area Network ("LAN") 700. This 
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facility may be a hospital, a service center or a clinic. One 
example of the LAN system is the Novell Operating System. 
Thus, the information collected by the care center 6 00 is 
accessible from any workstation 650 on the LAN 700. In this 
5 configuration, the primary care physician located at the 

remote site 710 can access information collected on each 
patient monitored by the care center 600. 

Data transmission from the RBU 150 to the care center 600 
is initiated in one of three ways. First, the user may 

10 request transmission. Second, transmission may be initiated 

at the end of a scheduled session. Third, transmission may be 
initiated by the care center 600 at a specified time. The 
second technique is represented by state 992 in Figure 17. 

When data transmission is initiated, the RBU 150 

15 constructs a temporary output file or output files for 
transmission on the RAM drive, as shown in state 994. The RBU 
150 then calls the care center 600 via the communications link 
500 previously described and connects with the care center 600 
as depicted in state 996. All available data is then 

20 transmitted by the RBU 150, as shown in state 998. This 

includes all concatenated physiological data files (state 
998) , for example, weight and temperature measurements, and 
the waveform data files (state 1000), for instance, 
contractions. Each session will be sent as a separate file 

25 with specific names. Examples of files that are sent are 
patient identification, data identification # where "TP" 
represents tocolytic "data, "FH" represents fetal heart rate 
and "FA" represents fetal assessment. The "#" sign represents 
the characters 0 through 9 or A through F, which represent the 

30 hexadecimal value of the session number. 

Next, a "trigger" file is sent, as depicted in state 
1002. This file triggers the care center 600 to take an 
action. Specifically, the RBU 150 transmits a dummy file to 
the care center 600 to indicate that it is ready to receive 

35 files from the care center 600. The RBU 150 then indicates 

the end of its transmit phase, as illustrated in state 1004. 
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The RAM drive files such as session data, are then temporarily 
deleted. 

Upon receipt of the "trigger" file, the care center 600 
prepares to transmit data to the RBU 150. The care center 600 
5 first interrogates its data base (state 1006) to determine if 

there has been any change in patient configuration requiring 
an update of the RBU 150, as shown in state 1008. If no 
change is required, the care center 600 proceeds to transmit 
the time and date, as shown in state 1014. If there is a 

10 change in patient configuration, updated files are 

transmitted, as indicated in state 1010. Basically, the care 
center 600 transmits all pertinent files to update the RBU's 
configuration. The RBU 150 receives these files as temporary 
files and stores them on the RAM drive (state 1012) . 

!5 The care center 600 then proceeds to send its current 

time and date, as indicated in state 1016. The end of the 
care center 600 transmit phase is then indicated (state 1016) 
and the call is terminated through issuing of hangup commands 
by both the RBU 150 and the care center 600, as depicted in 

20 state 1018. 

Upon termination of the call, the RBU 150 updates its 
time clock from data received from the care center 600 (state 
1020) . File management in the RBU 150 then takes place at 
state 1024. If data transmission was successful, all 

25 measurement data files are deleted. If file reception was 
successful, the received files are distributed to the 
addressed locations. The remaining received files are then 
deleted. The RBU 150 then tests if any patient configuration, 
such as test schedules, medical procedures, etc . , has changed 

30 (state 1026) . If not, the present sequence ends and normal 

patient monitoring resumes (state 1030) . If patient 
configuration has changed, the RBU 150 reboots itself, as 
indicated in state 1028. Upon rebooting, the present sequence 
ends and normal patient monitoring resumes (state 1030). 

35 B. Remote Base Unit F ile Structures 

The design of the files structures for the RBU is based 
on C++ computer language. The source code is used by both 
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receiving and transmitting programs. All data is stored in 
separate files on the RBU. Each measurement taken is appended 
to a file named for the measurement, for instance, weight 
data, temperature date, etc. All data storage files consists 
5 of the data records only, without file headers or data header 
lines. 

1 . Physiological Data 

Prior to transmission, all data contained in these files 
are concatenated into a single file for transmittal, with a 

10 File Header at the beginning of the file and a Data Header 

preceding each set of data. The filename of the concatenated 
files are derived from the patient identification with a "PHY" 
extension. Individual data structures or records have comma 
delimited fields and carriage return delimited records, with 

15 all data initially being in ASCII for development purposes. 

2. waveform Data 

Each session of waveform data collection is stored in 
separate files on the RBU with a daily session number as part 
of the extension. All data storage files consists of the Data 

20 Headers and Data Records only. At the time for transfer of 
data, this data is prefixed with the File Header data and 
transmitted as separate files. Individual data structures or 
records have comma delimited fields, except for the waveform 
data itself, and carriage return delimited records, with all 

25 data initially in ASCII for development purposes. 

Viii. n a t- a Plow B etween the Remote Ba*e Unit and the 
Recorders 

The recorders have certain parameters that can be 
30 configured by the nursing personnel at the care center 600, 

which may be transferred to the recorder via the RBU. In the 
present embodiment, the RBU is programmed to prompt the 
patient to collect data at predetermined intervals, as 
described below. 
35 A. infrared and Power Link 

A serial data link via infrared (IR) transmitters and 
receivers permits data transfer from the recorder to the RBU 
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after the recorder is placed in the RBU 150 docking port. The 
RBU 15 0 detects when the recorder has been placed in the 
docking port and queries the recorder for status. When 
communications is established, the RBU 150 accepts recorded 
5 data or transfers new programming information to the recorder. 

A data format of 9600 bits per second, with 8 data bits and 
one stop bit is preferably used. The first of four IR 
channels per docking port provides logic levels to indicate 
that the recorder is Busy with a measurement. The second IR 

10 channel indicates that the battery pack has a full charge, and 

the third and fourth IR channels are for transmit and receive 
data connections. 

B. Recorder to Remote Base Unit Operation 

The flow diagram of Figure 18 is a description of the 

15 communication process 1040 between the remote base unit (RBU) 
150 and a recorder 160 (Figure 2) . Beginning at a start state 
1042 of Figure 18a, the process 1040 moves to a state 1044 
wherein the recorder 160 is placed into one of the docking 
ports on the RBU 150, thereby activating the interlock switch 

20 178 (Figure 3C) , which indicates that a recorder 160 is 

docked. Moving to state 1046, when the recorder 160 is 
docked, the RBU 150 provides a +8.75 Volt DC source via a 
power lead to power the recorder 160 for data communications 
and operation. The recorder 160 is in a reduced power mode. 

25 An additional power lead provides a 600 mA constant current 
source to charge the battery pack of the recorder. A third 
lead provides a ground return path. The four Infrared (IR) 
channels are for receiving data, transmitting data, indicating 
that the RBU 150 is busy processing a request or previously 

30 sent data, and indicating full battery charge. when the 

recorder 160 is placed in the docking port 350, the presence 
of the +8.75 Volts from .the base unit alerts the recorder 160 
that it is docked. The RBU 150 then checks to determine if 
the Full Charge line is low and attempts to charge the battery 

35 if it is low. The RBU 150 charges the battery until the Full 

Charge line is true. 
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The process 1040 moves on to state 1048 wherein the RBU 
150 polls the recorder 160 to obtain status available by use 
of an Enquiry command. At state 1050, the recorder 160 
responds with a Status Response message . The format of the 
5 Status Response is as follows: 

recorder IDxSerial NumberxHardware RevisionxSof tware 
RevisionxBattery TypexBattery StatusxData StatusxRecorder 
StatusxDatexTime> . 

The Data. Status field in the Status Response indicates a 
10 number of readings value stored in the recorder. Moving to 
state 1052, the RBU 150 sends an Acknowledge signal to the 
recorder 160 to indicate reception of the status response. At 
state 1054, the process 1040 assigns a recorder object to the 
docking port 350 of the recorder 160 . The recorder object 
15 includes a collection of functions specific to the type of 
recorder 160 and causes an icon, corresponding to the specific 
recorder type, to be displayed on the LCD screen 314 of the 
RBU 150. Moving to state 1056, the RBU 150 sends a Set Time 
message to the recorder 160 to synchronize the internal clock 
20 to the RBU 150. At state 1058, the recorder 160 sends an 

Acknowledge signal back to the RBU 150 to indicate reception 

of the message. 

The process 1040 moves to a decision state 1060 to 
determine if the number of readings value from the Status 
25 Report message is greater than zero, i.e., the recorder has 

data available. If so, the following sequence of states 
describes the transfer of data to the RBU 150. However, if 
the decision state 1060 proves to be false, the process 
continues at a decision state 1086. Moving from decision 

30 state 1060 to state 1062, the RBU 150 issues a Transmit Data 

Request message to the recorder 160 to initiate the data 
transfer. At state 1064, the recorder 160 sends an 
Acknowledge signal back to the RBU 150 to indicate reception 
of the message. Then at state 1066, the recorder 160 sends a 

35 Data Block message to the RBU 150. With the exception of 

Waveform data, each reading stored in the recorder is sent to 
the RBU 150 in a separate Data Block message having 
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incrementing block numbers. A format is defined for data 
messages exchanged between the RBU 150 and the recorder 160. 
This format includes a message identification, message content 
and a cyclic redundancy checksum (CRC) for detecting error. 
5 Moving to state 1068, the RBU 150 stores the incoming Data 

Block message in volatile storage, such as a Ram disk file. 
The RBU 150 responds to the recorder 160 at state 1070 with an 
Acknowledge signal to indicate reception of the data. Moving 
to a decision state 1072, a determination is made whether the 

10 number of readings value equals the Data Block number, i.e., 

whether all Data Blocks have been sent by the recorder. If 
not, the process 1040 loops back to state 1066 to retrieve the 
next Data Block. 

When the last Data Block is sent to the RBU 150, as 

15 determined by decision state 1072, the recorder 160 sends an 
End of Transmission (EOT) message to the RBU 150. Moving to 
a decision state 1076, the process 1040 determines whether the 
maximum Data Block number equals the number of readings value. 
If not, the process 1040 moves to a decision state 1110 for 

20 error handling that will be described hereinbelow. If the 
decision state 1076 proves true, the process 1040 moves to a 
decision state 1078 to determine if any errors occurred during 
transmission or transferal of data. The CRC is utilized at 
state 1078. If an error is detected, the process 1040 moves 

25 to the decision state 1110 for error handling. If no errors 

are detected at decision state 1078, the process 1040 
continues at state 1080 wherein the data temporarily stored in 
the volatile storage, e.g., Ram disk file, is transferred to 
non- volatile storage, and the file is deleted, Moving to 

3 0 state 1082, the RBU 150 issues a Clear Data Request message to 

command the recorder 160 to delete all its stored data. At 
state 1084, the recorder 160 sends an Acknowledge signal back 
to the RBU 150 to indicate reception of the message. The data 
transfer sequence of states is now completed. 

35 Moving to a decision state 1086, the process 1040 

determines if an update of the recorder configuration is 
required. The recorder configuration may be changed, for 



WO 94/24929 PCT/US94/04787 

-38- 

example, to modify the frequency that a measurement is 
performed. A nurse or doctor transmits information necessary 
for states 1086 and 1088 to the RBU 150. Based on this 
information, if an update is required, the process 1040 moves 
5 to state 1088 wherein the RBU 150 issues a Recorder 
Configuration message to the recorder 160. At state 1090, the 
recorder sends an Acknowledge signal back to the RBU 150 to 
indicate reception of the message. 

At the completion of state 1090 or if decision state 1086 

10 proves to be false, the process 1040 moves to state 1092 to 

begin an idle loop, through state 1100, that polls to see if 
new data has been collected. At state 1092, the RBU 150 
issues a Status Request message to the recorder 160. This 
request is made periodically at predetermined time intervals, 

15 as dictated by the session protocol. Moving to state 1094, 
the recorder 160 sends an Acknowledge signal back to the RBU 
150 to indicate reception of the message. Continuing at state 
1096, the recorder 160 sends the Status Report message back to 
the RBU 150 to which the RBU 150 responds at state 1098 with 

20 an Acknowledge signal back to the recorder to indicate 
reception of the message. Moving to a decision state 1100, 
the process 1040 determines if the Status Report indicates new 
status, such as the collection of new data. If not, the 
process 1040 loops back to state 1092 to repeat the idle loop. 

25 However, if the decision state 1100 determines that a change 

in status has occurred, the process 1040 moves to state 1056 
to repeat part of the previously described sequence of states. 

If an error is detected by either of the decision states 
30 1076 or 1078, the process 1040 moves to decision state 1110 to 

determine if the maximum number of transmission retries has 
been reached. The maximum number of retries is a 
predetermined number, typically three, that indicates the 
number of times the process 1040 directs the RBU 150 to 
35 attempt the data transfer from the recorder 160: If the 

maximum number is not reached, the process 104.0 moves to state 
1112 and increments the retry count by one, and then loops 
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back to state 1062 wherein another Data Request message is 
sent to the recorder 160. If the maximum, number of retries is 
reached, as determined at decision state 1110, the RBU 150 
issues a Cancel command to the recorder 160 at state 1114. 
5 Further data transmission attempts from the recorder 160 are 

canceled at this time. Moving to state 1116, the process 1040 
waits for an asynchronous interrupt to indicate that the 
recorder 160 is removed from the docking port 350 of the RBU 
150, or that the start button of the recorder 160 is pressed 
10 while the recorder 160 is in the docking port 350. Because 
these two activities occur asynchronously, the process 1040 
periodically checks for the corresponding interrupt and 
initiates an appropriate task as will be shown in Figures 18b 
and 18d. 

15 Referring to Figure 18b, the asynchronous task 1128 that 

is performed in response to the interrupt for when a user 
presses the start button while the recorder 160 is in the 
docking port 350 will be described. Beginning at a start 
state 1130, the task 1128 moves to state 1132 wherein the user 
20 initiates a measurement cycle by pressing the start button on 

the recorder 160. Alternatively, the recorder 160 begins a 
scheduled session. Moving to state 1134, the recorder asserts 
a Busy signal during the measurement. The Busy signal alerts 
the RBU 150 that the recorder is busy. Proceeding to state 
25 1136, the RBU 150 charge current to the recorder 160 is 

removed, if previously applied. Charging is suspended during 
the time of measurement. Continuing at state 1138, periodic 
communication between the RBU 150 and the recorder 160 is 
suspended until the Busy signal is deasserted. Because of the 
30 Busy signal, the RBU 150 does not post an error message when 

the Status Response is not received from this docking port 350 
during an idle loop poll (state 1092) . The measurement is now 
taken by the recorder 160. Moving to state 1140, when the 
measurement is complete, the recorder 160 deasserts the Busy 
35 signal. At state 1142, the RBU 150 reestablishes the charging 

and polling operations with the recorder 160. The task 1128 
ends at state 1144. The recorder 160 waits for the next poll 
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from the RBU 150. The RBU 150 will then extract the data from 
the recorder 160. The data from the recorder 160 is then 
stored in RBU 150 memory and may be transmitted at the end of 
a scheduled session or when the patient indicates transmission 
5 to the care center 600. 

Referring to Figure I8d, the asynchronous task 1168 that 
is performed in response to the interrupt for when the 
recorder 160 is removed from the docking port 350 will be 
described. Beginning at a start state 1170, the task 1168 

10 moves to state 1172 wherein the port detect is deactivated by 
the removal of the recorder 160 from the docking port 350 , as 
previously described. Proceeding at state 1174, all 
communication between the recorder 160 and the RBU 150 is 
halted. Continuing at state 1176, the RBU 150 charge current, 

15 if applied, is removed from the recorder 160 along with the 
operational supply voltage. The task 1168 ends at state 1178. 

Referring to Figure 18c, a background task 1148 for the 
charge current will be described. Task 1148 utilizes the 
temperature of the recorder battery pack and the ambient 

20 temperature to determine when the battery pack is fully 
charged. Task 1148 is repeated every 24 hours, although other 
time intervals may be used in other embodiments. Beginning at 
a start state 1150, task 1148 moves to state 1152 wherein the 
recorder deactivates the Charge Enable signal when, in the 

25 preferred embodiment, the temperature of the recorder battery 
pack is ten degrees Celsius above the ambient temperature. 
Proceeding to state 1154, the RBU 150 responds by removing the 
charge current to the recorder 160 and then waiting 24 hours 
at state 1156. After the 24 hour interval, the task 1148 

30 continues at state 1158 wherein the RBU 150 reapplies the 

charge current to the recorder battery pack and repeats the 
charging cycle. The task 1148 continues by looping back to 
state 1152 wherein the Charge Enable signal is deactivated at 
the appropriate time. 



35 



IX. Human Interface Pr ocess Flow 
A. Session, Procedure Flow 
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Figure 19 is a state diagram of the Session Procedure 
Flow of the Perform Specified Task Function shown in Figure 
16. A session is initiated when the patient presses the 
SESSION icon on the touch screen 314 of the RBU 150 and runs 
5 a session through selection of an item on the session screen 

in state 1200. 

When the session screen in state 1200 is selected, a 
number of icons are illustrated on the screen. Each of the 
states 1212, 1214, 1202, 1204, 1206 and 1208 represents an 

10 icon. As shown in Figure 19, state 1212 represents the Help 

icon, state 1214 represents the Message Display icon, state 
1202 represents the Home icon, state 1204 represents the Error 
icon, state 1206 represents the Emergency icon and state 1208 
represents the Activity icon. The CANCEL key represented in 

15 state 1210 may also be selected to return to the previous 
screen as shown in state 1232 . 

By selecting one of the icons, an associated session is 
stared . The session will end or be ended if any of the 
following occurs: the patient completes all activities; the 

20 CANCEL key in state 1212 is pressed while in the session 

screen 1200; the HOME icon in state 1202 is pressed; the 
EMERGENCY icon is pressed; or a timeout occurs due to patient 
inactivity. 

The Activity icon in state 1208 is the mechanism by which 
25 all tests within a session are invoked. Each of the icons 

displayed must be pressed and the subsequent test performed, 
as shown in state 1226, before remaining activities are 
checked (state 1228) . Upon checking the remaining activities 
(state 1228), the user may return to the session screen 1200, 
30 or declare a session completed (state 1230) and return to a 
previous screen (state 1232) . As each scheduled test is 
performed, the associated activity icon will be removed. 

The Error icon shown in state 1204 is active only when a 
system error has occurred within the RBU 150, such as a 
35 recorder 160 communication failure. Pressing this icon will 

invoke a text display to prevent the error message (state 
1220) and, where possible, a solution to the problem. 
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The Home icon shown in state 12 02 is always active. 
Pressing this while a session is in progress will cancel the 
session (state 1216) and return the user to the HOME screen 
(state 1218) . 

5 The Emergency icon shown in state 1206 is always active. 

Pressing this icon while a session is in progress will cancel 
the session (as shown in state 1222) , and then invoke the 
Nurse Emergency Routine shown in state 1224 . 

The Message icon shown in state 1214 is active only when 
10 there is an unread message from the care center 600. Pressing 
this icon will invoke a text display to present the message, 
as shown in state 1240. After displaying the message, the 
user may return to the Session Screen 1200. 

The Help icon in state 1212, when selected, will present 
15 a listing of the type of help required, as shown in state 
1234 . The user may select from the following types of 
assistance: 

Should I call my Doctor? 
Activity Help 
20 Base Unit Tutorial 

Information Library 
Upon selecting one of the above, information will be 
provided to the user. For example, when the Activity Help 
icon is pressed as shown in state 1236, the Activity Help Menu 
25 is presented (stated 1238) . This menu is illustrated in 
Figure 20 and discussed in the following text section. At any 
given time, the user may return to the Session Screen 1200. 
B. Activity Help Function & Flow 

Figure 20 is a state diagram of the Activity Help Menu 
3 0 Flow of the Perform Human Interface Function shown in Figure 
16. As illustrated, the Activity Help Menu 1250 provides a 
listing of the instructions available for each of the tests to 
be conducted in monitoring and support treatment of at-risk 
pregnancy. In the present embodiment, the patient may select 
35 instructions for performing the tests required to monitor 

fetal heart rate 1252, uterine activity 1254, blood pressure 
1260, urinalysis 1258, body temperature 1266, body weight 
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1262, kicks and contractions 1256 and blood glucose 1268. The 
patient may also obtain instructions regarding the use of the 
infusion pump 1270, his sleep or rest schedule 1264 and 
answering of the questionnaires 1272. Option tests may be 
5 listed on the Activity Menu 1250, as indicated by Circle 1274. 

By selecting one of the listed items on the Activity Help 
Menu 1250, they user will access test instructions 
corresponding to the listed tests/questionnaire/schedules 
1252-1274. 

10 For instance, when the user selects the fetal heart rate 

test instructions 1252 from the Activity Help Menu 1250, a 
display of the fetal heart rate help instructions 1276 will be 
illustrated on the LCD screen of the RBU 150. Likewise, 
instructions 1278-1298 corresponding to the other tasks 1254- 

15 1274 may be obtained. 

Examples of the test instructions are listed below. 

1. Fetal Monitor fboth UA and FHR) 1252 

I will record your uterine activity and your baby's heart 
20 rate for 60 minutes. You will be letting me know when your 
baby moves by pressing KICK and when you feel a contraction by 
pressing CONTRACTION . If you need to interrupt me, please 
press PAUSE. Be sure to start again within 15 minutes or I 
will need to restart my clock at 60 minutes. 
25 Let's start by plugging the uterine activity and fetal 

heart rate sensors into my fetal monitor recorder. Now you 
can get into a comfortable reclining position, tilted to one 
side. A pillow under your hip can make it easy! Your baby 
would like you to stay tilted when you are lying down - not 
30 flat on your back. 

. Watch the displays on my recorder's screen. I will help 

you with every step! 

2 . Fetal Monitor Rec order (UA only) 1254 

I will record your uterine activity for 60 minutes. You 
35 will be letting me know when you feel a contraction by 

pressing CONTRACTION. If you need to interrupt me, please 
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press PAUSE. Be sure to start again within 15 minutes or I 
will need to restart my clock at 60 minutes. 

Let's start by plugging the uterine activity sensor into 
my fetal monitor recorder. Now you can get into a comfortable 
5 reclining position, tilted to one side. A pillow under your 
hip can make it easy! Your baby would like you to stay tilted 
when you are lying down - not flat on your back. 

Watch the displays on my recorder's screen. I will help 
you with every step! 
10 3 . Fetal Kick Count 1256 

I will record your baby's movements. You will let me 
know when your baby moves by press the event switch each time. 
I will let you know when I am finished. If your baby does not 
move at all during the next hour please call your HPS nurse. 
15 4. Blood Pressure Recorder 1260 

I will be recording your blood pressure and pulse rate. 
Be sure that you refrain from extreme exertion, eating, 
smoking, and extreme heat and cold for 15 minutes prior to 
each recording. 

20 Let's start by plugging the cuff into my blood pressure 

recorder. Now you can get into a comfortable position, tilted 
to your left side. A pillow under your hip can make it easy! 
Use the arm that is on top of your body. All tight clothing 
should be removed from that arm. Slide your arm into the cuff 

25 so that the bottom of the cuff is 1-2 inches above your elbow 

at about the level of your heart. 

Tighten the cuff securely. Support your arm on your lap, 
table, or chair armrest. Be as still as possible during the 
recording ! 

30 Watch the displays on my recorder's screen. I will help 

you with every step! 

5 . Urinalysis Recorder 1258 
I will be analyzing your urine for the presence of 
several substances. It is best to use the first urine of the 
3 5 morning for this test. To obtain a midstream urine sample, 

begin to urinate, stop the flow for a second, then begin the 
collection. 
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Make sure to have your bottle of urine strips handy. 
Watch the displays on my recorder's screen. I will help you 
with every step! 

6 . Temperature 1266 

5 I will be recording your body's temperature. Be sure 

that you do not eat, drink or smoke for 15 minutes prior to 
taking your temperature. 

Let's start by putting a sheath on the temperature probe. 
Then place the probe in your mouth under your tongue. I will 
10 let you know when I have finished by displaying your 
temperature. 

7. Weight/Sca les 1262 

I will be recording your body weight. Be sure that you 
weigh yourself at the same time each day wearing the same 
15 amount of clothing. 

Step up onto the scale pad. I will let you know when I 
have finished by displaying your weight. 



C. TlHer Init iated Testing Flow 

20 Figure 21 is a state diagram of User Initiated Testing 

Method of the Perform Human Interface Function shown in Figure 
16 . As illustrated, the user may initiate the performance of 
a range of tests. 

User Initiated Testing (state 1310) is, the mechanism by 

25 which a patient can perform any test function manually. It is 
similar in look and feel to the Session Screen (Figure 19) in 
that the Activity Icons displayed across the top of the screen 
are used to initiate the tests. User initiated testing does 
not operate as a menu. General Icon functions are limited or 

30 modified in order to control system access. The Activities 
themselves are shown in Figure 20 and the corresponding text 
sections. 

When User Initiated Testing is selected (state 1310) , the 
user may access the Activity Icon (except the Questionnaire) 
35 (state 1328), the Help Icon (state 1312), the Message Icon 

(state 1314), the Home Icon (state 1316), the Error Icon 



WO 94/24929 PCT/US94/04787 

-46- 

(state 1318), the Main Menu Icon (state 1320), the Cancel Key 
(state 1324), and the Questionnaire Icon (state 1326). 

The Help Icon (state 1312), Message Icon (state 1314), 
Home Icon (state 1316), Error Icon (state 1318), Cancel Key 
5 (state 1324) are similar to those available in the Session 

Screen feature discussed above. 

The Activity Icon (state 1328) invokes all tests (state 
1352), except for the Questionnaire, which is accessed by 
pressing the Questionnaire Icon (state 13 26) . Pressing the 
10 Questionnaire Icon as shown in state 1326 invokes the 

Questionnaire Menu (state 1346) . Once in the Questionnaire 
Menu, the user first selects the type of Questionnaire he 
wants to respond to, as indicated by state 1348. He then 
answers each question (state 1350) and may return to the 
15 Questionnaire Menu (state 1346) to answer more questions by 
touching the touch screen 314 (state 134 8) . 

X. Exemplary Demonstration Sequence 

Figure 22 is a flow diagram of an exemplary demonstration 

20 sequence of the patient monitor and support system of the 
present invention, configured for monitoring at-risk 
pregnancies. The sequence 1358 is used to illustrate typical 
steps of interaction between a user and the remote base unit 
(RBU) 150, but is not intended to show an actual set of steps. 

25 The sequence 1358 is also an example of the manual user 

initiated testing described above. 

Beginning at a start state 1360, the sequence 1358 moves 
to state 1362 wherein an introduction screen is presented to 
the user of the system on the LCD 312 of the RBU 150 (Figure 

30 4 ) , This screen has instructions to the user of the system. 

The actual system software produces a set of introductory 
screens. For example, in the demonstration of the system 50 
being used to monitor high risk pregnancy, the following text 
may be provided: 



ANTENATAL (OBI) TUTORIAL 



I am your OBI system. 

You can interact with me by pressing 

or touching the screen lightly. 

When you plug the system into the 
outlet (110 Volts) you have given 
power to my system. 

Please place all of the Recorder 
units into the base. 

Once the system has power, the 
system will display your name and 
the time. 

You will have a HOME screen which 
will be the starting point for all 
functions I need to perform with 
you. 

You will always be able to return to 
the Home screen. The Home screen 
will display your next Scheduled 
Session time. 

A "Session" is the activities and 
monitoring tests which have been 
prescribed by your doctor. 

Your doctor has set up a schedule of 
monitoring tests for you and your 
baby. 

When it is time for your session, I 
will alert you with an alarm. The 
alarm will give you a warning period 
to begin your session. 

After pressing the Session button, 
the activity test buttons will be 
displayed. You will need to press 
the button which is blinking. 

To complete your session you must 
push the test buttons until they 
have all disappeared. 

Once you finish your session's 
activities, you will return to the 
HOME screen. 

The HOME screen will now show the 
next scheduled session time. 
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If you have any questions please 
press the Main Menu button. The 
Main Menu provides access to all of 
the system help. 

The Main Menu provides access to: 
Schedules Sessions 
User Initiated Testing 
Help Menu 
System Menu 

Please refer to the Main Menu to 
access these programs to assist you. 

You will always have the Emergency 
button on the lower right corner of 
the screen. If you press this 
button, you will get phone numbers 
to: 

Your doctor, 

Your Healthdyne Center, and 
Your local Hospital. 

If you have any questions. Please 
press the Main Menu button. The 
Main Menu provides access to all of 
the system help. 



After the introductory screen has been displayed, the 
sequence 1358 moves to state 1364 wherein the user lightly 
presses the next screen icon on the LCD display to advance to 
the next screen of information. At state 1366, a list of 
antenatal capabilities, such as oral maternal temperature, 
uterine contractions, maternal weight, maternal blood 
pressure, fetal heart rate, and other capabilities, are 
displayed for the user. Moving to state 1368, the user 
presses the next screen icon to advance to a screen wherein 
a choice of care plans is presented to the user. Decision 
state 1370 determines whether the user selects the 
preeclampsia care plan at state 1372 or the preterm labor 
plan at state 1374. States 1372 and 1374 display screens 
corresponding to the selected care plan with the associated 
activity test buttons. The user presses the test button that 
is blinking to perform the monitoring test or activity 
corresponding to the test button. When a test is completed, 



WO 94/24929 PCT/US94/04787 

-49- 

the next test button blinks. The user then presses the next 
blinking test button to perform the next test and so forth 
until all test buttons have been pressed. 

When the sample session activities have been completed 
5 at either state 1372 or 1374, the sequence 1358 continues at 
state 1376 wherein the user presses the weight icon. Moving 
to state 1378, the maternal weight measurement is performed 
by use of a load cell scale connected to the RBU 150. 
Proceeding to state 1380, the user presses the questionnaire 

10 icon. Depending on the selection determined at decision 

state 1370, the sequence 1358 determines the corresponding 
care plan questionnaire at state 1382. If preterm labor is 
selected, the sequence 1358 moves to state 1384 wherein a PO 
Tocolytics questionnaire is displayed for the user to answer. 

15 The questionnaire is similar to the following: 

PO TOCOLYTIC PATIENTS 

Cramping? Pelvic Pressure 

1 Yes 2 No 1 Yes 2 No 

Backache? Discharge? 

20 1 Yes 2 No 1 Yes 2 No 

Is uterine irritability 

present? Shortness of breath? . . • 

1 Yes 2 No 1 Yes 2 No 

Jitters? 

25 1 Yes 2 No 

If preeclampsia is selected, the sequence 1358 moves to state 
1386 wherein a hypertension (or preeclampsia) questionnaire 
is displayed for the user to answer. The hypertension 
30 questionnaire is similar to the following: 

HYPERTENSION PATIENTS 

Edema? ... 

1 Yes 2 No 

35 Headache? 

1 Yes 2 No 

Epigastric pain? 

1 Yes 2 No 
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Visual disturbances? . . . 
1 Yes 2 No 

When either of the questionnaires at state 1384 or 1386 is 
5 completed, the sequence 1358 moves to state 1388 wherein a 

session complete screen is displayed, including a blinking 
telephone icon to simulate data transmission to the care 
center. Moving to state 1390, the user presses the next 
screen icon to advance to the next screen. At state 1392, 

10 the Home screen is displayed which has the capabilities 
listed. The sequence 1358 ends at state 1394. 

The unique features and functions of the patient monitor 
and support system 50 provide quality medical care to a 
plurality of patients with improved cost effectivity and 

15 outcomes. This is accomplished through comprehensive managed 
care, tailored to the patients' specific and individual 
medical history, and acute clinical needs. The present 
system 50 enables more patients to be treated per medical 
case infrastructure unit and thereby provides an increase in 

20 the productivity of medical and paramedical personnel. 

In addition, the system 50 can be configured to monitor 
a variety of medical conditions and treatments, including 
hypertension, at-risk pregnancies, human organ flow such as 
kidney dialysis and liver support, cardiovascular diseases 

25 and immune system diseases. It can also monitor specific 
disease states, including parameters, subsystem component 
hardware, software, instructions, schedules, communication 
protocols, medication protocols, therapeutic devices, etc. 
Moreover, the system 50 provides improved patient care 

30 and outcomes because of the same specific assigned team of 

physicians, nurses, and paramedical personnel to the 
individual throughout the course of care which reduces the 
learning factor involved with new or changing personnel . , 
i.e., hospital shifts. 

35 in summary, the patient monitor and support system 50 

includes a number of patient sites 100 which are individually 
connected via a set of communications links 500 to a care 
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center 600. A subsystem at each of the patient sites 100 has 
control and data acquisition capabilities and may be 
configured to automatically transfer patient communications 
and data to the care center 600. The subsystem is controlled 
5 by a remote base unit 150 which can down load from the care 
center 600 computer Patient Identification and Operating 
files to the base unit 150 in the home initialization and 
operating protocol files specific to that particular patient. 
Examples of these files include: medication schedules, blood 

10 pressure protocols, patient identification data, patient 
logistical data, parameter thresholds, auto dial phone 
numbers and schedules, call-in schedule, infusion pump 
settings and patient specific qualitative da.ta questionnaires 
(relating to her present progress) . 

15 The base unit 150 at the patient sites 100 auto-dials 

the care center 600 on scheduled intervals and sends data to 
auto-receiving units which operate unattended. This ability 
provides for substantial savings in phone costs as well as 
human labor costs. The auto receiving units make the latest 

20 data available to the computer at the work station 650 which, 
among other capabilities: 

a. Provides for qualified clinical reading and 
interpretation of data; 

b. Provides for LAN 700 (local area network) 
25 communication with the center database 660 

computer for the purpose of updating the patients 
file and permanent record with both qualitative 
and quantitative data; 

c. Provides for compilation, printing, and/or 
30 transmission of the patients record to the 

physician at appropriate intervals; 

d. Provides the mechanism for special patient 
communications and instructions as well as 
instrumentation settings via the modem down link 

5 to the home base unit 150; 
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e. Provides the vehicle for recording and 
implementing physician instructions and changes in 
protocol . 

The patient monitor and support system 50 is human 
5 engineered to make all operations as simple and user friendly 

as possible. The LCD display 312 on the home base unit 150 
provides a communicative means to insure patient compliance 
with nor only the measurement regimes but other physician 
directed activities and therapy such as medication, diet and 

10 nutrition, exercise, sleep and rest periods, etc. 

Finally, the care center database 600 provides 
information for medical research, supportive records for 
medico- legal purposes, and most importantly a tool for 
comparative analysis of patient progress against peer cases. 

15 Although the preferred embodiment of the present 

invention has been described and illustrated above, those 
skilled in the art will appreciate that various changes and 
modifications to the present invention do not depart from the 
spirit of the invention. Accordingly, the scope of the 

20 present invention is limited only by the scope of the 

following appended claims. 
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TS CLAIMED IS: 

1. A system for monitoring the health and medical 
requirements of a patient, comprising: 

a sensor for monitoring the patient's medical 
5 state, the sensor generating a parameter indicative of 

the patient's medical state; 

a data base located at a remote location from the 
sensor for storing the patient's medical state; 

means for communicating the parameter to the data 

0 base ; 

means for retrieving the parameter from the data 
base; and 

means for providing medical procedure to the 
patient in response to the retrieved parameter. 

2. The system of Claim 1, further comprising means for 
dispensing medicine to the patient. 

3. The system of Claim 2, wherein the medicine is 
dispensed through an infusion pump. 

4. The system of Claim 1, further comprising means for 
monitoring the parameters associated with a plurality of 
patients where the parameters of each patient are stored in 
the same data base. 

5. The system of Claim 1, further comprising a 
recorder for storing the parameters provided by the sensor. 

6. The system of Claim 5, wherein the recorder is a 
fetal heart rate recorder, a blood pressure recorder, a 
urinalysis recorder, a multi-sensor recorder, a maternal 
cardiac recorder or a cardio/pulmonary recorder. 

7. The system of Claim 1, wherein a plurality of 
sensors monitors the medical states of the patient. 

8. The system of Claim 7, further comprising a 
plurality of recorders for storing the parameters provided by 
the sensors, each selected one of the recorders connected to 
the selected one of the sensors. 

9. The system of Claim 8, wherein the recorders are 
selected from the group consisting of: a fetal heart rate 
recorder, a blood pressure recorder, a urinalysis recorder, 
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a mult i- sensor recorder, a maternal cardiac recorder or a 
cardio/pulmonary recorder. 

10. The system of Claim 1, wherein the data base is 
located in a computer. 
5 11. The system of Claim 1, wherein the system is 

configured to monitor the prenatal condition of the patient. 

12. The system of Claim 1, wherein the system is 
configured to monitor cancer therapy. 

13. The system of Claim 1, wherein the system is 
10 configured to monitor human organ flow. 

14. The system of Claim 1, wherein the system is 
configured to monitor kidney failure. 

15. The system of Claim 1, wherein the system is 
configured to monitor liver support. 

15 is. The system of Claim 1, wherein the system is 

configured to monitor cardiovascular disease. 

17. The system of Claim 1, wherein the system is 
configured to monitor immune system disease. 

18. The system of Claim 1, wherein the medical 
20 procedure comprises a prescribed diet or medication. 

19. The system of Claim 1, wherein the sensor is an 
ultrasound sensor, a uterine contraction transducer, a 
temperature probe, an event switch, a weight scale, a 
glucometer, a plurality of reagent strips, or a blood 

25 pressure sensor. 

20. The system of Claim 1, wherein the health and 
medical requirements of the patient are monitored at 
predetermined intervals . 

21. A system for monitoring the prenatal health and 
30 medical requirements of a patient, comprising: 

a sensor for monitoring the patient's prenatal 
health and medical state, the sensor generating a 
parameter indicative of the patient's prenatal 
requirements; 

35 a data base located at a remote location from the 

sensor for storing the patient's prenatal medical state; 
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means for communicating the parameter to the data 

base; 

means for retrieving the parameter from the data 
base ; and 

5 means for providing medical procedure to the 

patient in response to the retrieved parameter. 

22. The system of Claim 21, wherein the prenatal 
medical state of the patient is hypertension, preeclampsia, 
maternal diabetes, risk of premature delivery, or risk of 

10 premature rupture of membranes. 

23. The system of Claim 21, wherein the system is 
further configured to monitor fetal heart rate, prenatal 
infections, genetic disorders of the fetus, or environmental 
fetal damage. 

15 24. The system of Claim 21, further comprising means 

for dispensing medicine to the patient. 

25. The system of Claim 24, wherein the medicine is 
dispensed through an infusion pump. 

26. The system of Claim 21, further comprising means 
20 for monitoring the parameters associated with a plurality of 

patients where the parameters of each patient are stored in 
the same data base. 

27. The system of Claim 21, further comprising a 
recorder for storing the parameters provided by the sensor. 

25 28. The system of Claim 27, wherein the recorder is a 

fetal heart rate recorder, a uterine activity recorder, a 
blood pressure recorder, a urinalysis recorder, a multi- 
sensor recorder, a maternal cardiac recorder or a 
cardio/pulmonary recorder . 

3 q 29. The system of Claim 21, further comprising a 

plurality of sensors for monitoring the medical states of the 
patient . 

30. The system of Claim 29, further comprising a 
plurality of recorders for storing the parameters provided by 

35 the sensors. 

31. The system of Claim 30, wherein the recorders are 
selected from the group consisting of: a fetal heart rate 
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recorder, a uterine activity recorder, a blood pressure 
recorder, a urinalysis recorder, a multi-sensor recorder, a 
maternal cardiac recorder or a cardio/pulmonary recorder. 

32. The system of Claim 30, wherein the data base is 
located inside a computer. 

33. The system of Claim 21, wherein the medical 
procedure is prescribed maternal diet or medication. 

34. The system of Claim 21, wherein the sensor is an 
ultrasound sensor, an uterine contraction transducer, a 
temperature probe, an event switch, a weight scale, a 
glucometer, a plurality of reagent strips, or a blood 
pressure sensor. 

35. The system of Claim 21, wherein the health and 
medical requirements of the patient are monitored at 
predetermined intervals. 

36. In a network comprising a remotely located sensor 
which generates a parameter indicative of a patient's medical 
state and a database for storing the parameter, a method of 
monitoring the health and medical requirements of a patient, 

comprising: 

monitoring the patient's medical state; 
communicating the parameter to the data base; 
retrieving the parameter from the data base; and 
providing medical procedure to the patient in 
response to the retrieved parameter. 

37. The method of Claim 36, further comprising means 
for dispensing medicine to the patient. 

38. ' The method of Claim 37, wherein the medicine is 
dispensed through an infusion pump. 

39. The method of Claim 36, further comprising 
monitoring the parameters associated with a plurality of 
patients where the parameters of each patient are stored in 
the same data base. 

40. The method of Claim 36, wherein the medical state 
of the patient is indicative of a prenatal condition. 

41. The method of Claim 36, wherein the medical state 
of the patient is indicative of cancer. 
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42. The method of Claim 36, wherein the patient's 
medical state is indicative of the patient's organ flow. 

43. The method of Claim 36, wherein the patient's 
medical state is indicative of the patient's kidney failure. 

5 44. The method of Claim 36, wherein the patient's 

medical state is indicative of the patient's liver condition. 

45. The method of Claim 36, wherein the patient's 
medical state is indicative of the patient's cardiovascular 
disease . 

10 46. The method of Claim 36, wherein the patient's 

medical state is indicative of the patient's immune system 
disease. 

47. In a network comprising a remotely located sensor 
which generates a parameter indicative of a patient's 

15 prenatal condition and a database for storing the parameter, 
a method of monitoring the prenatal health and medical 
requirements of the patient, comprising: 

monitoring the patient's prenatal health and 
medical state; 

20 communicating the parameter to the data base; 

retrieving the parameter from the data base; and 
providing medical procedure to the patient in 
response to the retrieved parameter. 

48. The method of Claim 47 wherein the prenatal medical 
25 state of the patient is hypertension, preeclampsia, maternal 

diabetes, risk of premature delivery, or risk of premature 
rupture of membranes. 

49. The method of Claim 47, wherein the parameter is 
indicative of fetal heart rate, prenatal infections, genetic 

30 disorders of the fetus, or environmental fetal damage. 

50. The method of Claim 47, further comprising the step 
of monitoring the parameters associated with a plurality of 
patients where the parameters of each patient are stored in 
the same data base. 

3 5 si. The system of Claim 1, wherein the database is 

located in a workstation. 
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52. A system for monitoring the health and medical 
requirements of a patient, comprising: 

a first sensor for monitoring the patient's medical 
state, the first sensor generating a first parameter 
5 indicative of the patient's medical state; 

a second sensor for monitoring the patient's state, 
the second sensor generating a second parameter 
indicative of the patient's medical state; 

a recorder for storing the second parameter 
10 generated by the second sensor; 

a base unit for storing the parameters generated by 
the first sensor and the recorder; 

a data base located at a remote location from the 
first and second sensors and the recorder, for storing 
15 parameters indicative of the patient's medical state; 

means for communicating the parameters from the 
base unit to the data base; 

means for retrieving the parameters from the data 

base ; and 

20 means for providing medical procedure to the 

patient in response to the retrieved parameter. 

53. A medical monitoring system, comprising: 
a care center, comprising: 

means for configuring medical sensors with 
25 parameter data; 

a database for storing medical data 
indicative of a plurality of patients; and 

means, responsive to the configuring means 
and the database, for communicating data; 
30 a plurality of patient sites, each patient site 

remotely located from the care center and comprising: 
a base unit comprising means for 
communicating data and means for storing parameter 
and medical data, the data indicative of the 
35 patient located at the patient site; and 

a plurality of medical sensors, each sensor 
connected to the base unit, receiving parameter 
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data from the configuring means and providing 
medical data to the database under control of the 
base unit . 

54. The system defined in Claim 53, wherein the 
5 parameter data includes a measurement time; 

55. The system defined in Claim 53, wherein the medical 
data includes temperature. 

56. The system defined in Claim 53, wherein one of the 
sensors comprises a weight scale. 

10 57. The system defined in Claim 53, wherein at least 

one sensor stores medical data in a recorder. 

58. The system defined in Claim 53, additionally 
comprising means, connected to the base unit, for providing 
medication to the patient, wherein the providing means 

15 receives parameter data from the care center. 

59. The system defined in Claim 58, wherein the 
providing means comprises an infusion pump. 

60. The system defined in Claim 53, additionally 
comprising a plurality of doctor sites in data communication 

20 with the care center. 

61. The system defined in Claim 53, wherein the care 
center communicating means and the patient site communicating 
means include modems. 



WO 94/24929 



PCT/US94/04787 



1/26 



REMOTE PATIENT SITES 



CARE CENTER 



REMOTE DOCTOR SITES 



VOICE AND DATA 
COMMUNICATIONS 





So 



J 



SUPPORT 
WORKSTATION 1 



SUPPORT 
WORKSTATION 2 



SUPPORT 
WORKSTATION M 



PATIENT 
DATABASE 
COMPUTER 



VOICE AND DATA 
COMMUNICATIONS 



'4,SQc 



DOCTOR 
I 



sjs6 



DOCTOR 

2 



ItOb 



660 




WO 94/24929 



2/26 



PCT7US94/04787 




WO 94/24529 



PCT/CS94/04787 



3/26 




*B/n*T£ 

BASE WA/'T iSD 



power *iLC? 

j™* j j y7 ^ cow|ccT^7y j cower y 7 g- 




CONfCCIOR SCALES OONNtCTO^ 



REAR PANEL V4o 



WO 94/24929 



4/26 



PCT/US94/04787 




WO 94/24929 



6/26 



PCT/US94/04787 




WO 94/24929 



PCT/US94/04787 




WO 94/24929 



PCT/US94/04787 




WO 94/24929 



9/26 



PCT/US94/04787 




WO 94/24929 PCT/US94/04787 



* 




WO 94/24929 



PCT/US94/04787 



11/26 




WO 94/24929 



13/26 



PCT/US94/04787 




WO 94/24929 



14/26 



PCT/US94/04787 





WO 94/24929 



15/26 



PCT/US94/04787 




WO 94/24929 



16/26 



PCT/US94/04787 




WO 94/24929 



17/26 

PATIENT MONITORING 

OOCTOR/g INIC/HOSPITAL CARE COTTER STIFF 



HONE/PATIENT 



PCT/US94/04787 



PATIENT HISTORY 

aUGERY AND/OR 
THERAPY 

status and symptoms 

DOCTOR PRESCRIBES 
HONE CARE 



ENTER WTO DATA 
BASE 











DOCTOR CONSULT 




STAFF CONSULT 









PRESCRIPTION 
PROVIOEU 



CONSTRUCT REGIMEN: 

SYSTEM 
CONFIGURATION^ 
DEFT* PROTOCOLS: 
REPORT STRUCTURE: 



DELIVER SYSTEM 



INSTALL SYSTEM 



TRAIN PATIENT 



PATIENT TRAINED 




WO 94/24529 



PCT/US94/04787 



18/26 



o 
< 



fa 
3 



•J 
O 

u 
o 

fc-»: 

o- 

OS' 

ol 

CO : w 
to 

w 

w 

Oh 

o 





T 



T 

7 



J 

5 



25 



3 



is 




WO 94/24929 



19/26 



PCT/US94/04787 



DOCTOR/aiNIC/HOSPITAL 



CARE CENTER STAFF 



HOME/PATIENT 




OPERATE SYSTEK 

INITIALIZE SYSTEM 

START 
MONITOR/THERAPY 
PROTOCOL 





ENTER DATA 
INTO DATA 
BASE 




SEND OATA PER 
SCHEDULE 




C 


/ 










1 






INTERPRET AND 
ANALYZE DATA 




CONSTRUCT 
PHYSICIAN 
REPORTS AND 
TRANSMIT 











CALCULATE. 
ORDER DELIVER 
DRUGS/SUPPLIES: 
SCHEDULE NURSE 
VISITS NEEDED 


> 


RECEIVE 
INSTRUCTIONS 





CHANGE 
PRESCRIPTION. 
LIMITS, SCHEDULES 



CHANGE 
CONFIGURATION, 
PROTOCOLS. ETC. PER 
NEN PRESCRIPTION 
VIA MODEM 



RECEIVE CHANGES AND 
IMPLEMENT VIA MODEM 
AND/OR HUMAN CHANGE 




NO 



IS 

-X THERAPY 
DONE ? 



vYES 



Fl6>o/Z£ /S <$ 



WO 94/24929 



20/26 



PCT/US94/04787 



REMOTE BASE UNIT - CARE CENTER COMMUNICATION 



START 



J 



C\C\Q 



PATIENT COMPLETES 
MEASUREMENTS AM) 
OATA TRANSMISSION 
IS INITIATED 



REMOTE BASE UNIT 
(RBU] BUILDS 

TEMPORARY OUTPUT 
FILES FOR 
TRANSMISSION 



RBU CALLS AND 
CONMECTS TO 

CARE 
CENTER (CO 



RBU TRANSMITS 
CONCATENATED 
PHYSIOLOGICAL 
DATA FILE 



1000 w 



RBU TRANSMITS 
MAVEFORH OATA 
FILES 



foca. w 



RBU TRANSMITS DUMMY 
"TRIGGER* FILE TO 
INDICATE IT IS 
READY TO RECEIVE 
FILES 



RBU TRANHITS END OF 
TRANSMISSION 
INDICATOR 

TEMPORARY FILES ARE 
DELETED 



cc 

INTERROGATES 
OATA BASE 



100? 




CC TRANSMITS 
PERTINENT FILES 
TO UPDATE THE 
CONFIGURATION 
OF TIC RBU 



± L 



RBU RECEIVES 
FILES AS 
TEMPORARY 
FILES 



toiy 



CC TRANSMITS 
FILE 
CONTAINING 
TIME AND DATE 



tofC 



CC TRANHITS 

END OF 
TRANSMISSION 
INDICATOR 



RBU AND CC 
BOTH ISSUE 
-HANGUP* 
COMMANDS 



10 



(9 



RBU UPDATES 
REAL-TINE CLOCK 
KITH DATA FROM 

TIME AND DATE 
FILE 



RBU FILE 
MANAGEMENT 




RBU REBOOT 



END 



r 



IV 2 O 



WO 94/24929 



REMOTE BASE unit - 



21/26 

RECORDER COMMUNICATIONS I 



PCT/US94/04787 



STMT 


H 
\ 




RECORDS 
INTO OC 

PORT ACT 
WW 
PORT C 


I PLACED 

CKIW 

IVATING 

BUTE 

ETECT 



) 



REWTEBASE 

iMtrnui: * 

ACTIVATES 
OPERATIONAL SUPPLY 
VOLTAGE 

ENABLES CHARGE 
CURRENT 



RBU ISSUES 
ENQUIRY 
COMMAND TO 
RECORDER 



RECORDER 
SE WS STA TUS 
REPORT 
MESSAGE TO 
RBU 



rbu sews 
acknd mledge 

TO RECORDER 



RECORDER 
OBJECT 
ASSIGNED TO 
OOCKIKG PORT 



RBU SEME SET 
TI* MESSAGE 
TO RECORDER 



)QJ S 



RECORDER 
SEWS 

AcmnurcE 

TO RBU 




RECORDER 
SEWS 
DATABLCCX 
MESSAGE TO 
RBU 



L 



RBU STORES 
DCOKIW DATA 

STORAGE 



L 



1070 



RBU SEWS 
AtXWNLCOSS 
TO RECORDER 



RBU WYES 
DATA RECEIVED 

INTO 
WM- VOLATILE 
STORAGE 








RBU ISSUES 
CLEAR DATA 
REQUEST 
MESSAGE 








RECORDER 
RESPONDS WTN 
AOOOMLEOGE 
10 RBU 






ni issues 

CANCEL 
C OMMAND TO 
RECORDER 



L 



nil 



RBU I! 
RECOF 
CONFIGt 
HES 


SUES 
OER 
RATION 
USE 






RECORDER 
SENDS 
AOCMOKLEOGE 
TO RBU 



MATT FO R 
RECORDER TO 
BE REMOVED OR 
START BUTTON 
TO BE PRESSED 



L 



RBU 
PERIODICALLY 
ISSUES STATUS 
REQUEST 
MESSAGE 






RECORDER 
SEWS 
ACKNOMJEDGE 






RECORDER 
SEWS STATUS 
REPORT 
MESSAGE 






RBU S 
ACOOK 


EWS 
LEDGE 




WO 94/24929 



22/26 



PCT/US94/04787 



REMOTE BASE UNIT - RECORDER COMMUNICATIONS II 



1130 




START 



1 13-2- 




USER REQUESTS 
MEASUREMENT 

WHILE 
RECORDER IN 

DOCKING PORT 



RECORDER 
IMMEDIATELY 

ACTIVATES 
BUSY SIGNAL 



RBU CHARGE 
CURRENT IS 
REMOVED (IF 
PREVIOUSLY 
APPLIED) 



>v3S 



ALL PERIODIC 
COMMUNICATION IS 
SUSPENDED UNTIL 
BUSY SIGNAL IS 
DEACTIVATED 



HMO 



RECORDER 
MEASUREMENT 
COMPLETES AND 
BUSY SIGNAL IS 
DEACTIVATED 



VMS 4 



RBU CHARGING 
AM) 

COMMUNICATION 
IS RESUMED 



RECORDER CHARGE 
ENABLE SIGNAL 
IS DEACTIVATED 
BY CHAR6I* 
CIRCUITRY 



RECORDER IS 
REMOVED FROM 
DOCKING PORT 
DEACTIVATING 

PORT DETECT 



RBU REMOVES 
CHARGE 
CURRENT 




H8U Wteli 
HOWS 



RBU CHARGE CURRENT 

IS REMOVED (IF 
PREVIOUSLY APPLIED) 
AND OPERATIONAL 
SUPPLY VOLTAGE IS 
REMOVED 



RBU REAPPLIES 
CHARGE CURRENT 
AND REPEATS 
CHARGING CYCLE 



BO 



) 



WO 94/24929 PCT/US94/04787 

23/26 

Session Procedure Flow 




WO 94/24929 



24/26 



PCT/XJS94/04787 



Activity Help Menu Flow 




WO 94/24929 



25/26 



PCT/US94/04787 



User Initiated Testing Flow 



Displays 

Activity 
Help 



33^ 



'Activity) 
loon 



^Display, 
iMeasaffC L\33(s> 



iessage' 
Icon 



Help 
Icon 



1 SP- 



RUE \ /Activit 
feJ Icon 
l Activity TU except 
y Qfcestior 



13^ 

iestionaVe 
loon 



leBtionaire 
Menu 
Iimitec 
lenj^) 



i3« 



'Return 
Home 

.Scree 



Home 
Icon jLf3/£ 



Error 
loon 



Display^ 
Error 



Jser 
.Iniated 



wTeatingj 



<3lC> 



Cancel 
Key 



Main 
Menu 
Jcon 

lergencY 
Icon If 3^ 



Run 
Nurse 
lergenc 



Return\ 
Main 
Menu 



WO 94/24929 



26/26 PCI7US94/04787 

DEMONSTRATION SEQUENCE " 



F3S8 



^ START ^\ 



136 o 



I MTHDDUCT MH 
SCREEN 



PRESS IEXT 
SCREEN ICON 



ANTENATAL 
L CAPABILITIES 
LIST 



PRESS NEXT , 
SCREEN ICON / ^ g 



PRETERM 
LABOR 



< 


\Z1H 


SAMPLE 




SESSION 




ACTIVITIES 






PRESS HEIGHT f~ /37^ 
ICON 




ASK PO 
TOCOLYTICS 
QUEST IONAIRE 




ASK 

HYPERTENSION 
OUESTIONAIRE 




1 


i 








/ SESSION 
/ COMPLETE 
( SCREEN KITH 
\ BLINKING 

\PHONE ICON 













PRESS NEXT / 
SCREEN ICON Lf^CfO 







V" 







FIGURE 22- 



EH) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 94/04787 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 5 A6IB5/00 A61B5/0444 



According to International Patent Gasification (IPC) or to both national cUsnfication and IPC 



B. FIELDS SEARCHED 



Minimum docuroenWion searched (classification system followed by classification symbols) 

IPC 5 A61B 



Documentation searched other than miramuro documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" Citation of document, with indication, where appropnatt, of the relevant passages 



Relevant to daim No. 



US,A,4 838 275 (A. ST. J. LEE) 13 June 
1989 

see column 5, line 15 - column 6, line 10 
see column 9, line 1 - column 10, line 63 
see column 12, line 15 - column 13, line 
35 

US,A,4 004 577 (S.J. SARN0FF) 25 January 
1977 

see column 4, line 32 - column 5, line 16 
see column 8, line 60 - column 9, line 23 
see column 10, line 21 - column 12, line 7 



-/-- 



1,2,4-10 

16,18-20 
36,37,39 
45, 

51-58,61 

I, 2,4-6 

II, 16,18 
36,37,39 
45,53, 
57,58, 
60,61 



HI 



Further documents are listed in the continuation of box C. 



Patent family members are luted in annex 



* Special categories of cited documents : 

•A* document defining the general state of the art wroch is not 

considered to be of particular relevance 
*E' earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on priority daim(«) or 
which is a ted to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

■p- document published prior to me international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority oWandnoTm conflict with the a^caacaibut 
ated to understand the principle or theory underlying the 
invention 

*X* document of particular relevance; the dairoed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed i™^ 0 " . 
cannot be c ons id er ed to involve an inventive step when tne 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person stalled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



25 August 1994 



Date of mailing of the international search report 

12.10.94 



Name and mailing address of the ISA 

European Patent Office, P.B. 5118 Patentlaan 2 
NL - 22S0 HV Rijswijk 
Tel. ( + 3L70) 340-2040, Tx. 31 651 epo m. 
Fax ( + 31-70) 340-3016 



Authorized officer 



Rieb, K.D. 



Fern PCT/tSA/310 (ncond tkem) (hUy 1993) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 94/04787 



C<ConOnuanon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



,x 



,x 

P.X 
P,X 



DE,A,35 25 014 (J. MULLER-WICKOP) 15 
January 1987 

see column 2, line 47 - column 3, line 42 
see column 4, line 31 - column 5, line 13 

US,A,4 086 917 (N.W. BURKS ET AL.) 2 May 
1978 

see column 3, line 5 - line 46 

see column 4, line 47 - column 6, line 21 

see column 11, line 38 - column 13, line 

38 

DE.A.37 29 760 (E. ANAPLIOTIS) 16 March 
1989 

see column 4, line 8 - line 68 

see column 6, line 16 - line 48 

see column 7, line 16 - column 8, line 55 

see column 8, line 67 - column 9, line 23 

W0.A.93 18710 (H0MECARE DIAGNOSTIC 
SERVICES) 30 September 1993 
see page 2, line 14 - page 3, line 16 
see page 4, line 19 - page 7, line 19 
see page 13, line 28 - page 15, line 32 
see page 18, line 10 - page 20, line 5 



1,4,5,9 

10,19,20 
36,45,53 

1.4- 6,11 

19-21,23 
35,39,40 
47, 

49-51, 
53,60 

I, 5,10, 

II, 19-21 
27,28,31 
32,34-36 
40,47,54 
60,61 

1.5- 11, 
19-23 
27-32 
34-36,40 
47-49 
51-57, 
60,61 



Form PCT/ISAfllO (cwrtimiattoo of rtcond «««t) (July IW3) 



page 2 of 2 



INTERNATIONAL SEARCH 

uifonnattoD on patent final y maubcrt 


REPORT 


International application No. 
PCT/US 94/04787 


Patent document 
cited in search report 


1 Publication I 
1 date 


Patent family Publication 
member**) | ™ 


US-A-4838275 


13-06-89 


NONE 





US-A-4004577 



25-01-77 



AU-A- 

BE-A- 

CA-A- 

CA-A- 

CH-A- 

DE-A- 

FR-A- 

FR-A.B 

GB-A- 

GB-A- 

GB-A- 

JP-A- 

NL-A- 

US-A- 



6304373 
808078 
1019033 
1019034 
585042 
2360115 
2208634 
2301216 
1453867 
1453868 
1453866 
50006187 
7316511 
3910260 



15-03-74 
11-10-77 
11-10-77 
28-02-77 
06-06-74 
28-06-74 
17-09-76 
27-10-76 
27-10-76 
27-10-76 
22-01-75 

06- 06-74 

07- 10-75 



DE-A-3525014 



15-01-87 



US-A-4086917 



02-05-78 



NONE 
NONE 



DE-A-3729760 
WO-A-9318710 



16-03-89 
30-09-93 



NONE 



AU-B- 4044393 21-10-93 



l 



Form PCT/ISA/210 {jwttot tanfly •»««) W«*f 



